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of  the  T  A I L  S  of  C  O  M  E  T  S,  and  to  account 
for  their  perpetual  Oppofition  to  the  SUN,  upon 
philofophical  Principles. 

PART     II. 

Pointing  out  fome  important  Ends  for  which  thefe 
TAILS  were  probably  defigned  :  Wherein  it  is 
fhewn,  that,in  Confequence  of  thefe  curious  Append- 
ages, COMETS  may.be inhabited  WORLDS, 
and  even  comfortable  Habitations  ;  notwithftand- 
ing  the  vaft  Excentricities  of  their  Orbits. 

The  Whole  inter fperfed  with  Obfervations  and  Re- 
flections on  the  S  U  N  and  primary  PLANETS. 

By  ANDREW  OLIVER,  tun.  Esq. 
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PREFACE 

rHE  dejign  of  the  following  EJfay  was,  partly  to  era- 
dicate fame  abfurd  notions  which  have  been  hand- 
id  down  from  the  darkefi  periods  of  antiquity,  and 
which  arefiill  entertained  by  fome,  upon  the  appearance  of 
a  Comet  \  and  to  remove  the  apprehenfions  which  may  have 
been  excited  in  the  minds  of  others,  even  by  the  writings  of 
fome  great  men  among  the  moderns  :  And  partly  to  offer  to 
thofe  who  indulge  themselves  in  more  abflrufe  refearches  after 
the  operations  of  natural  caufes,  a  few  hints,  the  profecution 
of  which  may  enlarge  the  field  of  philofophical  /peculation* 
and  open  to  all  a  new  four ce  for  adoration  of  the  wifdom 
and  beneficence  of  that  Being,  who  has  made  nothing  in 
vain,  and  has  difpofed  the  various  parts  of  the  Univerfe  by 
weight  and  meafure.  It  may  therefore  be  prefumed,  that, 
if  the  Author  is  fo  happy  as  to  be  under  flood  by  the  gene- 
rality of  his  readers  (which  he  has  aimed  at  throughout  the 
whole)  the  gentlemen  of fcience  will  pardon  thofe  minute 
difcuffions,  which  they  may  judge  unneceffary,  and  that  they 
will  weigh  with  impartiality  the  arguments  which  may  be 
offered  for  their  confideration,  overlook  any  immaterial 
inaccuracies,  which  may  have  arifen  through  inadvertency, 
and  point  out  and  refute  with  candour  any  mi/lakes  zvhich 
he  may  have  fallen  into. 

IT  is  now  well  known  to  aflronomers  that  the  motions  of 
Comets  are  regulated  by  the  univerfal  law  of  gravitation, 
and  that  they  regard  the  Sun  as  the  common  center  of  all 
Voeir  motions,  equally  with  the  Planets,  although  they  are 

more 
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more  numerous,  and  apparently  diftinU  in /pedes  from  them. 
The  Planets,  fince  the  difcovery  of  the  Satellites  or  Moons 
which  attend fome  of  them,  are  generally,  and '  libit  b  the  highejl 
reafon  fuppofed  to  be  inhabited  Worlds  like  the  Earth. — 
Whereas  it  has  been  thought  evenly  fome  of  the  greatefl 
modem  aflronomers,  that  the  extremes  of  heat  and  cold  to 
which  Comets  are  alternately  expofed  in  the  different  parts 
bf  their  orbits,  are  irreconcileable  with  the  notion  of  their 
being  fit  habitations  for  any  material  race  of  beings  what- 
ever. They  are  to  this  day  regarded  by  the  bulk  of  man- 
kind,  either  as  portentous  meteors,  exhibited  only  to 
threaten  war,  famine  or  peflilence  to  the  inhabitant's  of  the 
Earth  ;  or  as  fiery  globes  which  move  thro*  the  Heave' ns 
at  random,  and  might  fortuitoufiy  come  acrofs  the  Earth  in 
its  way,  to  it  is  no  fmall  detriment,  if  not  to  the  deftruclion 
tf  its  inhabitant* ;  or  laftly  as  penal  worlds,  ordained  to  a 
perpetual  chaotic  ft  ate,  whofe  inhabitants  are  condemned  to 
be  frozen  and  burned  alternately,  at  their  aphelia  and  peri- 
helia >  agreeable  to  Milton 's  idea  of  the  punifhment  of 
tipoflate  fpirits  -,  f peaking  of  whom  he  fays, 

"  They feel  by  turns  the  bitter  change 

Of  fierce  extremes,  extremes  by  change  more  fierce, 
From  beds  of  raging  fire  to  fcarve  in  ice 
Their  foft  ^ethereal  warmth,  and  there  to  pine 
Immovable,  infix'd,  and  frozen  round 
Periods  of  time,  thence  hurried  back  to  fire." 

Paradise  Lost,  Book  II. 

THE  firft  of  tbsfe  opinions  was  exploded  long  age  by- 
Seneca  ;  who,  inflead  of  regarding  Comets  as  tranfient 
meteors,  on  the  contrary  ranks  them  with  "  the  eternal 
works  of  Nature"     The  feccnd  directly  ccntradicls   the 
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idea  of  a  divine  juperintendency,  and  falls  of  courfe,  in  the 
minds  of  thofe  who  entertain  any  juft  apprehenfiion  of  the 
providential  care  of  the  great  Author  and  Governor  of  the 
Univerfe.  And  as  to  the  lafl,  with  what  colour  of  reafon 
can  we  fuppofe  that  the  Creator  would  provide  upwards  of 
fifty  Worlds  (forfo  many  different  Comets  and  more  there 
certainly  are)  folely  for  the  punijhment  of  the  incor- 
rigible inhabitants  of  five  or  fix  Vianet s  only  ?  On  the, 
contrary  does  it  not  redound  more  to  his  honour,  to  confider 
ihefe  bodies  as  fo  many  inhabited  Worlds,  provided  with 
every  neceffary  for  the  comfortable  fubjiftance  of  innumera- 
ble inhabitants,  rational  and  irrational,  like  the  Earth  ?' 
Or  as  Doctor  Young  (fpeaking  of  the  CREATOR 
and  his  works)  beautifully  expreffes  himfelf ; 

"  Darts  not  HIS  Glory  a  (till  brighter  Ray, 
The  lefs  is  left  to  Chaos  and  the  Realms 

Of  hideous  Night  ? — 

Night  Thoughts,  Night  o. 

THE  reader  will  find  (in  the  introdutlion)  that  the 
confider  at  ion  of  the  fubjetl,  in  this  light,  was  firjl  far  ted 
by  Hugh  Williamfon,  M.  D.  of  Philadelphia,  in  a 
treatife  that  was  publifhed  in  one  of  the  weekly  papers  > 
which,  as  it  contained  fome  new  thoughts,  the  purfuit  of 
which  (it  was  judged)  zvould  tend  to  the  improvement  of 
natural  philofophy,  fir  ft  induced  the  Author  to  undertake 
the  following  Ejfay,  upon  a  fubjetl  indeed  which,  till  then,, 
he  had  but  littk  attended  to  :  He  therefore  hopes  that% 
if  any  obfervations  or  reflexions  /hall  turn  up,  in  the  courfe 
of  it,  which  may  merit  the  attention  of  his  readers,  and  may- 
have  efcaped  the  notice  of  others,  they  may  in  fome  meafure 
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atone  for  the  many  defecls,  of  which  he  is  apprehenfive,  ana) 
•which  are  fubmitted  to  thofe  who  have  made  greater  pro- 
ficiency in  natural  knowledge ;  than  he  pretends  to,  to  reclify. 

D IV E  RS  of  the  Author's  friends,  who  are  gentlemen 
cf  f peculation  and  learning,  perufed  the  E[fay  inmanufcript% 
upon  whofe  approbation  of  it,  and  at  whofe  requeft,  he  wds 
induced  to  conjenl  to  its  publication  :  But  when  the  unex- 
pected number  offubfcribers,  and  their  refpeclable  characlers 
in  general,  came  to  his  knowledge,  his  diffidence  of  its  title  t» 
their  favourable  reception  was  naturally  increafed,  which 
would  have  excited  in  his  mind  a  proportionable  reluclance  to 
its  appearance  abroad,  left  their  expetlationsfhould  be  difap- 
pointed,  had  he  not  been  fully  perfuaded,  that  the  great  eft 
candour  was  naturally  to  be  expecled  from  thofe  who  are 
the  beft judges  of  thefubjeft  ;  efpecially,  as  the  treatife  con- 
tains nothing  more  than  an  attempt  to  difcover  fome  phi- 
hfophical  truths,  the  knowledge  of  which  may  tend  to  pro- 
mote the  caufe  of  Science,  and:  thereby  maypoffibly  be  offomt 
fervice  to  mankind. 

II  was  with  plea  fur  e  He  found  that  DoElor  Gowjn 
Knight,  F.  R.  S.  had  attempted  to  account  for  the 
phenomena  of  the  tails  of  Comets  from  the  fame  principle 
which  he  has  endeavoured  to  eftablifh  in  the  following 
pages,  viz,  a  mutual  rcpellency,  fubfifting  between  the 
atmnfpheres  of  the  heavenly  bodies  :  As  the  Doclor, 
when  he  wrote  his  treatife,  was  engaged  in  the  general 
folu/ion  of  all  the  phenomena  in  Nature,  by  the  help  oftwe 
aniv  erf al  principles^  viz.  Attraction  and  Repulfwn,  he  but 
flight  ly  touched  upon  the  particular  phenomena,  now  under 
€&nfideration  \  accordingly  what  he  fays  upon  the  fubjeSi is 
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very  fhor't,  being  included  within  the  compafs  of  a  Jingle 
corollary ',  which  arifes  out  of  a  long  chain  of  deduclions 
from  the  fuppofed  properties  of  an  imaginary  repellent 
fluids  uniformh  diflributed  throughout  the  infinity  of 
ipace  ;  the  exi/lence  of  which,  however  probable,  has  never 
been  proved:     When  the  author  wrote  that  part  of  the 
Effay  which  is  confined  particularly  to  this  fubjetl,  Doclor 
Knight'*  folution  was  entirely  out  of  his  mind,  if  he  had 
ever  feen  it  before.     He  therefore  took  a  different  courfe  to 
ejlablifh  the  principle,  deducing   it  from  the  known  pro- 
perties of  air,  a  real  fluid,  the  exigence  of  which  we  are 
certain  of,  from  the  immediate  teftimony  of  our  fenfes, 
as  we  are  of  its  properties  from  innumerable  experiments. 
This  element  differs  effentially  from  the  Bailor's  univerfal 
fluid,  which  indeed  hefuppofes  to  confifi  of  particles  mutually 
repellent,  like  thofe  of  air,  but  fo  inconceivably  rarey  that 
4  quantity  of  it  fufficient  to  fill  the  whole  fpace  occupied  by 
ihefolar  Syftem,  might  not  weigh  one  Jingle  grain  (Knigbfs 
Effay,  page  i$) :  Air  on  the  contrary,  is  a  heavy  fluid,  the 
preffure  of  which,  merely  from  its  gravity,  is  capable  of 
giving  great  pain  to  thofe  who  may  attempt  to  fuflain  iu 
Weight,  in  pneumaiical  experiments. 

HOWEVER^  it  does  not  follow,  that  if  air,  con- 
Jidered  as  a  fluid  fui  generis,  is  fufficient  immediately  to 
account  for  the  phenomena  before  us,  we  fhould  therefore 
exclude  the  agency  of  another,  upon  whofe  exiftence  and 
properties  (if proved)  the  properties  of  air  itfelf  may  poffibly 
depend.  By  Juppqfing  fuch  an  univerfal  repellent  fluid, 
Doffor  Knight  has  very  curioujly  accounted  for  many  of 
the  phenomena  of  Nature,  which  are  fo  common  as  to  bs 
hut  little  attended  to  -,  fuch  as  fluidity,  elafticity,  mag- 
nctifm,  &V..    And,   whether  the  mutual  repdlency  of  the 
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particles  of  air  does  (ashe  fuppofes)  or  does  not  depend  upon 
the  prefence  of  the  fame  fluid,  the  conctufion  will  equally 
follow  that,  The  aerial  atmofpheres  of  the  heavenly 
bodies  are  mutually  repellent. 


«**#• 
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THE  reader  is  dellred  to  make  the  following  corrections,  the  neceflity  an* 
propriety  of  which  were  not  difcovered  in  feafon  to  fave  him  this  trouble* 

viz. 

In  Page  22,  Line  4,  for,  by  the  incumbent  weight  of  the  whole  atmofphere,'  te 
read,  by  the  weight  of  the  whole  incumbent  atmofphere.  In  Page  38,  Line  7, 
from  the  bottom,  for,  all  fluids  which  tend,  &c.  to  read,  every  fluid  the  feverat 
farts  of  which  tend,  &c.  In  Page  45,  Line  8,  from  the  bottom,  for,  atmofphere, 
to  read,  atmofpheres.  In  Page  78,  Line  3,  for,  decreafe  of  its  atmofphere,  to 
read,  decreafe  of  the  denfity  of  its  atmofphere.  In  Page  80,  Line  17,  to  read, 
whereby  the  prefence  of  the  Sun  by  day  j  and  in  Line  19  of  the  fame  Page, 
after  the  word  Comet,  to  infert  theie  words,  »iz.  (ban  tuben  it  is  in  the  muter, 
farts  of  it  t  orbit. 
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ESSAY. 

IN  the  month  oi  Sept  ember  >  1769,  during  the  ap- 
pearance of  a  remarkable  Comet,  Doctor  Hugh 
William/on  of  Philadelphia  favoured  the  publick 
with  a  treatife  on  the  fubject  of  the  following  Effay, 
which  was  read  before,  and  publimed  by  order  of  the 
Philofophical  Society  in  that  city.  This  piece  con- 
tained fo  me  curious  hints,  well  deferving  the  attention 
of  the  friends  of  fcience  :  Particularly,  that  Com- 
ets, as  well  as  the  Planets,  may  be  habitable  Worlds  % 
that  the  comfortable  (late  the  inhabitants  of  the  various 
globes  of  the  folar  fyftem  enjoy,  may  not  depend  merely 
upon  their  feveral  diftances  from  the  Sun  ;  and,  that: 
although  the  rays  of  the  Sun  may  be  abfolutely  ne- 
eefTary  to  the  very  exiftence  of  planetary  heat,  yet  the 
temperature  of  that  heat  may  depend. upon  the  denfities 
of  the  atmofpheres  furrounding  the  feveral  globes  ; 
whereby  the  Comets,  even  in  their  aphelia,  may  be 
rendered  comfortable  habitations,  by  means  of  the  vaft 
atmofpheres  which  attend  them,  and  which,  when  they 
might  become.detrimental  to  their  inhabitants,  as  w hen 
they  are  in  the  neighbourhood  of  the  Sun,  are,  by  the 
momentum  of  the  Sun's  rays,  or  by  fome  other  caufe, 
thrown  off  to  immenfe  diftances  behind  them. 
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The  perufal  of  this  treatife  occafioned  the  following 
attempt  to  eftablifh  the  doctrine  of  the  habitability  ot 
Comets,  advanced  therein  by  Doctor  Williamfon. 

We  differ  indeed  in  our  hypothefes  to  account  for 
the  phenomena  of  their  tails  ;  but  whichfoever  may 
be  the  true  one,  all  &z.r  conclusions,  relative  to  the  den-' 
fities  of  their  atmofpheres  in  the  various  parts  of  their 
orbits,  may  equally  follow. 

The  Doctor's  hypothecs,  which  is  the  fame  with, 
Kepler's,  fuppofes  the  atmofphere  of  a  Comet,  by  the 
velocity  and  confequent  momentum  of  the  Sun's  rays, 
to  be  propelled  through  immenfe  fpaces  behind  its 
body,  whereby  the  tail  is  formed,  which  is  rendered 
vifible  b#  reflecting  thofe  rays. 

This,  it  muft  be  confeiTed,  feems  to  be  as  natural 
and  eafy  a  folution  as  any  one  hitherto  offered  j  and 
might  be  embraced  as  fuch,  had  any  one  experiment 
ever  been  produced  to  prove  the  rays  of  light  endued 
with  any  fuch  power,  even  upon  the  mcft  minute  cor- 
pufcles,  or  "the  moft  rarefied  vapor.  Sir  Ifaac  Newton 
paffes  it  by  with  little  more  than  a  bare  mention, 
(Princip.  under  Prop.  XLI.  Book  III.)  which,  as  it  is 
fo  plaufible,  is  difficult  to  account  for  •,  efpecially  as 
he  fills  pages  to  refute  others,  that  are  almofl  felf- 
evidently  abfurd.  This  hypothefis,  however,  has  ne- 
ver been  confirmed  by  any  one  experiment,  although 
an  age  has  elapfed  fince  Kepler's  time,  during  which 
experimental  philofophy  has  been  at  its  zenith.  There- 
fore, as  Mr.  Profeflbr  JVinthropy  in  his  lectures  on 
Comets,  obferves,  "much  ftrefs  mould  not  belaid 
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"  upon  it,  as  we  know  of  no  parallel  inftance  in  na~ 
"  ture  to  fupport  it."  The  hypothecs  contained  in 
this  Effay  is  founded  upon  a  mutual  repellency,  which 
13  fuppofed  to  fubfift  between  the  feveral  atmofpheres 
of  the  heavenly  bodies  ;  which  is  deduced  from  the 
repellency  of  the  particles  of  air,  of  which  the  atmol- 
phere  of  the  earth,  and  thofe  which  iurround  the  other 
globes,  are  compofed.  That  our  atmofphere  confifts 
of  particles  thus  repellent,  is  certain  from  the  whole 
fyftem  of  pneumaticks,  as  no  one  experiment,  in  that 
ufeful,  inftruetive  and  entertaining  branch  of  natural 
philofophy,  can  be  performed,  which  does  not  depend 
upon  this  property  of  AIR.  That  the  Sun  and 
Planets  have  fimilar  atmofpheres,  will  appear  in  the 
following  pages. 

Sir  IfaaCy  after  having  refuted  feveral  hypothefes, 
which  had  been  raifed  by  others,  to  account  for  the 
afcent  of  Comets  tails  from  the  Sun,  at  length  rather 
hints  at,  than  fubftitutes  one  of  his  own  •,  as  he  aiferts 
nothing  pofitively,  but  only  offers  a  query  for  the  con- 
fideration  of  his  readers.  Therefore  it  is  hoped  that 
nothing  here  advanced  will  be  confidered  as  a  vain, 
rajh  attempt  to  confute  that  illuftrious  author.  tc  The 
"  afcent  of  fmoke  in  a  chimney  (fays  he)  is  owing  to 
"  the  impulfe  of  the  air  with  which  it  is  entangled, 
**,  The  air,  rarefied  by  heat,  afcends  becaufe  its  fpecific 
"  gravity  is  diminifhed,  and  in  its  afcent  carries  along 
■'  with  it  the  fmoke  with  which  it  is  engaged."  (Prin- 
cip.  ubi  fupra).  To  which  he  adds  the  following  query  : 
"  And  why  may  not  the  tail  of  a  Comet  rife  from  the 
"  Sun  after  the  fame  manner  ?"  Previous  to  an  an- 
fwer  to  this  query,   let  us  confider  more  particularly 
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the  caufes  of  the  afcent  of  vapors  in  our  atmofphere. 
It  is  indeed  beyond  doubt,  that  to  the  caufe  above 
affigned,  by  Sir  Ifaac  Newton,  is  in  a  great  meafure 
owing  the  rife  of  fmoke  from  common  fire  ;  from 
which,  if  enkindled  in  the  open  air,  it  will  curl  up  in 
broad  volumes,  fpreading  as  it  rifes  •,  but  if  confined 
in  a  chimney,  the  rarefied  air  having  but  one  way  to 
expand  itfelf,  viz.  through  the  funnel,  the  more  con- 
denfed  air  in  the  room  below  driving  it  upwards,  to- 
gether with  the  fmoke  engaged  with  it,  it  afcends  in 
a  ftrait  courfe,  with  a  greater  velocity,  and  apparently 
to  a  greater  height  than  when  unconfined. 

But  this  is  not  the  fole,  nor  yet  the  principal  caufe 
of  the  afcent  of  vapors  in  general,  but  rather  an  acci- 
dental one,  which  increafes  their  velocity  when  already 
on  the  wing.  For,  really,  the  caufa  fine  qua  non  of 
their  afcent,  in  a  quiefcent  atmofphere,  is  the  difference 
of  the  fpecific  gravities  of  thofe  vapors,  and  the  air 
they  float  in  *  ;  the  former,  being  generally  lighted, 
continue  riling  till  they  arrive  at  thac  region  of  the  at- 
mofphere in  which  the  denfitfes  of  both  are  equal. — 
There  they  gather  and  form  into  clouds  •,  there  they 
remain  fufpended,  or  are  driven  by  winds  in  directions 
parallel  to  the  furface  of  the  Earth,  until  fome  cafual 
rarefaction  of  the  air,  the  meeting  of  contrary  winds," 
or  of  electrified  clouds  differently  charged,  caufe  them, 
either  to  condenfe  imperceptibly,"  and  fall  in  dews  or 
gentle  rains,  or  to  rum  more  vioiently  together,  and 
precipitate  in  mowers,  according  to  the  nature  ot  the 

caufe  by  which  they  are  actuated.     The  fmoke  of  a 

chimney 

■*  How  they  are  generated,  and  detached  from  the  furfaces  ofbodies,  is  a  proper 
fubje&  for  an  enquiry  by  itfelf,  but  foreign  here. 
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chimney  is  for  the  mod  part  lighter  than  the  circum- 
ambient air  it  afcends  through,  otherwife  it  would 
defcend  again  as  ibon  as  it  could  difengage  itfelffrom 
that  column  of  air  which  carried  it  up  •,  in  confequence 
Of  which,  life  would  be  very  uncomfortable  in  large, 
populous  cities  ;  for,  at  times,  the  air  with  us  is  fo 
rarefied  that  the  fmoke  does  in  fact  thus  defcend,  and 
hover  juft  above  the  furface  of  the  Earth,  to  the  no 
imall  annoyance  of  the  eyes  and  lungs  of  thofe  who 
breathe  in  fuch  an  impure  medium.  Were  it  necefTary, 
experiments  in  pneumaticks  might  be  recited,  which 
prove  that  air,  near  the  furface  of  the  Earth,  is  in  ge- 
neral denfer  or  heavier  than  the  fmoke  and  other  vapors 
which  float  therein  ;  which  are  here  omitted,  as  it  is 
prefumed  the  fact' will  not  bedifputed. 

Now,  if  the  tail  of  a  Comet  rifes  from  its  head,  or 
rather  from  the  Sun,  in  the  fame  manner  as  fmoke 
does  from  fire  with  us,  and  from  a  fimilar  caufe,  the 
ethereal  medium,  thro'  which  it  afcends,  mufl  be  nearly 
of  the  fame  denfity  with  the  vapors  of  the  tail  ;  other- 
wife  the  latter  could  not  float  in,  nor  gee  fo  entangled 
with  it  as  to  be  carried  up  thereby  through  diftanr.  re- 
gions of  the  Heavens  ;  but  that  the  tails  may  afcend 
to  fuch  amazing  heights,  as  fome  of  them  do,  we  mufl 
necefTarily  fuppofe  their  fpecific  gravities  mucn  lefs  than 
that  of  the  aether  itfelf. 

What  then  becomes  of  the  free  celeflial  fpaces  ? 
in  which  Sir  Ifaac  fays, — "  not  only  the  folid  bodies  of 
#  the  Planets  and  Comets^  but  alfo  the  extremely  rare  va- 
*'  pors  of  Comets  tails  >  maintain  their  rapid  motions  with 

"  great  freedom without  refinance"     (Ibid.)     Soon 

alter 
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after  he  adds,  " — the  tails — retaining  their  own  pro- 
"  per  motion1"  (i.  e.  the  motion  they  had  in  .common 
with  their  heads)  "  and  in  the  mean  time  gravitating 
"  towards  the  Sun,  muft  be  revolved  in  ellipfes  round 
"  the  Sun  in  like  manner  as  the  heads  are,  and  by  that 
"  motion  always  accompany  their  heads."  Now,  al- 
though the  asther  may  be  fuppofed  fo  extremely  rare, 
as  that  the  folid  globes  may  revolve  thro'  it  for  many 
ages,  -without  any  fenfible  impediment,  or,  asSirlfaac 
fays,  "  above  ten  thoufand  years  ;"  yet,  as  the  tails 
muft,  upon  this  hypothefis,  be  nearly  of  the  fame  fpe- 
cific  gravity  with  thatsether,  how  can  they  "  maintain 
"  their  rapid  motions  through  it  without  refinance ,and 
"  revolve  in  ellipfes  round  the  Sun  together  with  their 
"heads"?  That  this  is  utterly  impofiible,  appears 
from  the  reafoning  of  Sir  Ifaac  himfelf  throughout  the 
whole  of  his  VII  Section  Prindpia  Book  II  intituled, 
Concerning  the  motion  of  fluids,  and  the  refijlance  made  to 
projected  Bodies :  According  to  which  reafoning  the 
projectile  motions  of  thefe  vapors  would  be  very  foon 
deftroyed,  and  the  Comet  in  its  regrefs  from  the  Sun 
would  necefTarily  leave  them  behind  as  they  rofe  from 
the  head,  in  confequence  of  the  refiftance  of  this  ^ethe- 
real medium  :  Therefore,  whenever  the  Comet  be- 
came vifible,  after  the  perihelion,  it  would  have  a  tail 
as  before,  but  reverfed,  appearing,  like  a  lucid  beam, 
to  dream  away  from  the  head  towards  the  Sun,  till  it 
were  confounded  with  the  twilight.  But  this  is  con- 
trary to  all  obfervations  -,  for  the  projection  of  a  Com- 
et's tail,  after  its  perihelion  as  well  as  before,  is  both 
really  and  apparently  from  the  Sun,  excepting  a  fmall 
deviation  towards  the  parts  from  whence  the  Comet 
laft  came  :  Which  deviation  is  oy  no  means  owing 

to 


(    7    ) 

to  the  refiftance  of  any  medium  it  pafies  through,  but 
is  perfectly  confiftent  with  its  feveral  parts  retaining 
the  motion  they  had  in  common  with  their  head  when 
they  began  to  afcend,  and  "  revolving  freely  in  ellipfes 
"■  round  the  Sun  togeiher  with  their  head."  For,  the 
remote  parts  of  the  tail  making  a  larger  fweep  through 
the  Heavens  than  their  head,  while  the  latter  takes  a 
Ihorter  turn  round  the  Sun  at  its  perihelion,  muft  ne~ 
cefTarily  be  longer  in  defcribing  the  fame  angular  mo- 
tions round  the  Sun  than  the  globe  itfelf x  confequently 
muft  be  deflected  from  the  direct  opposition  to  the 
Sun,  and  the  whole  tail  be  incurvated  towards  the  pe  - 
rihelion  pofition  lately  pafied  •,  and  this  upon  the  fup- 
pofition  that  both  head  and  tail  move  freely  through  a 
perfect  vacuum.  This  incurvation  of  the  tail  leffirns  as 
the  Comet  recedes  from  the  Sun,  till  at  length  it, re- 
covers its  oppofition  as  at  firft.  Now,  as  thefe  phae- 
nomena  agree  perfectly  with  the  motion  of  a  Comet's 
tail  through  fpaces  void  of  refiftance,  they  are  utterly  in- 
confiftent  with  the  fuppofition  of  its  moving  through 
a  medium  of  equal  or  greater  denfity  than  itfelf,  or  in 
any  other  refifting  medium  whatever  -,  for  according  to 
this  celebrated  author  (Princip.  Sect.  VII.  -Book  II. 
Prop.  XXXVIII.  Cor.  4.)  if  the  head  or  folid  globs  . 
of  the  Comet  moved  in  a  fluid  of  the  fame  denfity 
with  itfelf,  it  would  lofe  half  its  motion  before  it  could 
defcribe  the  length  of  two  of  its  diameters,  confe- 
quently  it  would  foon  lofe  the  whole.  The  vapors 
of  the  tail  rifing  (upon  his  hypothc-fis)  in  a  medium  of 
nearly  the  fame  denfity  with  themfelves,  would  in  like 
manner,  from  the  refiftance  of  that  medium,  lofe  all 
the  projectile  motion  they  derived  from  the  head,  full 
as  foon  as  the  head  would  lofe  its  own  motion  in  the 
former  cafe.  Sir 
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Sir  Ifaac  concludes  faid  VII  Section  wich  the  follow- 
ing words,  "  The  re/ijlance  in  every  fluid  is  as  the  mo- 
"  tion  excited  by  the  projectile  in  the  fluid  ;  and  can- 
"  not  belefs  in  the  mofl  Jubtile  at  her,  in  proportion  to  the 
"  denjity  of  that  at  her,  than  it  is  in  air,  water,  andquick- 
"  Jilver,  in  proportion  to  the  denfities  of  tho/e  fluids." 

Upon  the  whole,  then,  it  neceffarily  follows,  that  the 
asthereal  fpaces  through  which  the  extremely  rare  vapors 
of  a  Comet's  tail  revolve  freely  with  its  head  in  ellipfes  round 
the  Sun,  muft  be  perfe>5t  vacuums  as  to  all  the  purpofes 
of  refinance  •,  and  confequently,  that  the  rays  of  light 
themfelves  in  no  wife  impede  the  freedom  of  their  mo- 
tion, even  when  in  the  neighbourhood  of  the  Sun. 

All  that  is  defired  of  the  reader  is,  that  he  will  pe- 
rufe  the  following  meets  with  candour,  and  not  pro- 
nounce fentence  until  he  has  fairly  weighed  the  evi- 
dence produced  in  fupport  of  the  feveral  propofitions 
therein  contained  ;  upon  the  ftrength,  or  through  the 
deficiency  of  which,  they  muft  ftand  or  fall. 


ESSAY 


(    9     ) 


E     S     S     A 

O  N 

:    O    M    E    T 

PART      I. 


AC  O  M  E  T  confifts  of  two  parts  which 
fall  under  our  obfervation,  viz.  a  folid, 
fpherical,  opaque  body,  which,  like  the 
planets,  fhines  by  reflecting  the  light  of 
the  Sun,  and  no  way  differs  in  appearance  from  a 
planetary  globe  5  this  is  by  aftronomers  called  the 
nucleus  :  Alfo  a  very  extenfive  atmofphere  •,  which, 
from  the  form  it  ufually  exhibits  to  us,  is  called  the 
tail,  and  commonly  exhibits  a  faint  beam  of  light,which 
diverges  as  it  recedes  from  the  head,  and  often  appa- 
rently extends  thro'  diftant  conflellations,when  it  nearly 
refembles  thofe  momentary  corrufcations  which  moot 
upwards  from  the  horizon  towards  thezenith,duringthe 
appearance  of  an  aurora  borealis&x  northern  light.  This 
tail  increafes   in  length  as  the  Comet  approaches  the 

C  Sun* 
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Sun*  et  vice  verfa  \  and  its  direction  is  always  nearly 
in  oppofition  to  the  Sun.  Sometimes  indeed  the 
cometic  atmofphere  affumes  a  different  form,  fur- 
rounding  the  nucleus  equally  on  every  fide  like  a 
thin  cloud  or  mift,  or,  as  fome  have  fancied,  like  a 
bum  of  hair  ;  whence  the  Comet  has  been  denomi- 
nated crinite  or  hairy.  The  latter  is  the  ufual  appear- 
ance of  a  Comet  when  firft  difcovered  in  its  defcent 
toward  the  Sun,  provided  the  Sun  and  Comet  be  in 
oppofite  hemifpheres  •,  and  may  take  place  in  fome 
other  filiations,  agreeable  to  the  rules  of  optics,  even 
when  to  fpectators  in  other  parts  of  our  Syftem,  the 
Comet  may  exhibit  a  tail  of  an  enormous  length. 

i 

It  has  been  fufficientlydemonftrated  bySuIfaacNew- 
ton^  Dr.Halley^nd  others,  that  thefe  bodies  are,  in  com- 
mon with  the  other  globes  of  the  folar  fyftem,  fubjecl: 
to  the  law  of  mutual  gravitation,  and  that  they  regard 
the  Sun  as  their  common  center  of  gravity,  and  con- 
fequently  move  round  him  in  conic -feclions,  carrying 
their  atmoipheres  or  tails  along  with  them.  Their 
orbits  differ  widely  from  circles  on  the  one  hand  ;  on 
the  other,  fince  the  difcovery  of  the  Newtonian  method 
of  computing  their  trajectories  from  obfervations,  they 
have  never  been  found  to  deviate  into  hyperbolas ;  and 
though  their  obferved  places,  in  the  frnall  parts  of  their 
orbits  in  which  they  are  vifible  to  us,  agree  with  their 
computed  places,  upon  the  fuppofition  that  they  move 
in  parabolas  ;  yet,  as  the  periodical  revolutions  of  fome 
of  them  have  been  afcertained  by  their  regular  returns 
after  certain  intervals,  it  is  agreed  by  aftronomers,  that 
their  paths  are  truly  elliptical,  though  very  excentric  ; 

fuch 
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fuch  ellipfes,  near  the  extremities  of  their  tranfverfe 
axes,  differing  but  infenfibly  from  parabolas.  All  that 
is  attempted  in  this  EiTay,  is, 

i.  To  account  for  the  phenomena  of  the  tails  of 
Comets,  upon  philofophical  principles  :  And  then, 

2.  To  point  out  fome  ends  to  which  they  feem 
adapted,  and  for  which  they  are  probably  defigned. 

Sir  Ifaac  Newton  has  fuffieiently  proved  that  thefp 
tails  confift  of  a  fluid  matter,  extremely  rare,  emitted 
from  their  heads  upon  their  approach  to  the  Sun, 
which  is  rendered  viftble  by  reflecting  his  rays  * :  But 
what  caufe  there  may  be  exifting  in  nature,  capable  of 
projecting  the  cometic  atmofpheres  through  fuch  im- 
menfe  fpaces,  is  a  queftion  which  ftill  remains  to  be 
folved,  no  fatisfactory  account  having  hitherto  been 
offered  to  the  publick.  In  order  therefore,  to  a  ra- 
tional folution  of  this  curious  phenomenon,  the  tail  of 
a  Comet,  the  following  propofitions,  obfervarions,  &e. 
are  fubmitted  to  the  candid  perufal  of  the  reader  : 
Firft  premifing,  that  when  a  fubjecl,  under  confider- 
ation,  is  in  its  nature  purely  phyfical,,  it  is  to  be  pre- 
fumed  that  ftricl:,  mathematical  demonftration  will  not 
be  expected. 

We  (hall  now  endeavour  to  prove  the  following 
propofitions. 

First,  That  the  primary  Planets,  the  Comets, 
and  the  Sun,  are  all  furrounded  with  atmofpheres. 

Secondly, 

•  Piir.cip.  Booji  III.  under  Prop.^XLI. 
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Secondly,  That  thefe  atmofpheres  coniift  of  the 
fame  fluid  with  the  atmofphere  of  the  earth,  viz.  Air. 

Thirdly,  That  they  are  mutually  repellent  to 
each  other  ;  as  the  globes  they  furround  are  in  a  ftate 
of  mutual  attraction  or  gravitation. 

1.  As  the  proof  of  the  exiftence  of  the  at- 
mofpheres of  the  Sun,  Planets  and  Comets  depends 
upon  a  variety  of  aftronomical  obfervations,  it,  is  ne- 
celTary  to  be  particular  as  to  each  of  them. 

And-,  i.  That  the  Earth  we  inhabit  (which  is  a 
Planet  vaftly  inferior,  both  in  bulk  and  fituation,  to 
fome  others)  has  one,  we  have  the  bed  evidence  pofli- 
ble,  viz.  the  teftimony  of  our  fenfes  •,  befides,  we  all 
know,  that  the  air,  which  every  where  furrounds  the 
Earthy  is  effential  to  the  breath  of  life. 

2.  That  Mars  has  an  atmofphere,  and  that  very 
extenfive,  has  been  demonftrated  from  the  occukation 
of  a  fixed  Star  bv  that  Planet*-,  as  the  Star  vanifhed 
at  a  diftance  from,  or  without  ever  arriving  at  a  vifible 
contact  with  his  limb  ;  as  was  obferved  by  Qafjlm^ 
October  id,  1662.  The  like  was  obferved  after  the 
fame  occukation,  by  M.  Roemer,  at  Rome,  the  Star 
not  being  vifible  after  the  tranfit  till  at  a  diftance  from 
his  limb. 

3.  J  UPITE  Rys  belts  are  in  a  fluctuating  ltate,  as 
they  frequently  vary  their  form,  fize,  and  fituation  •>  -f 
which  cannot  be  accounted  for,  unlefs  vvefuppofethem 

to 

*  See  Smith's  Opticks,  Vol.  II,  Page  43.0. 
f  Idem,  Page  433.. 
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to  be  clouds  and  exhalations,  floating  in  an  atmofphere 
which  furrounds  his  globe,  f 

4.  Some  belt-like  appearances  were  difcovered  in 
Saturn  by  Mr.  Padley  through  his  five-foot  reflecter, 
and  by  Mr.  Pound  through  Hugenius's  glafs,  though 
they  appeared  very  faint,  as  he  is  fo  remote  J ;  which 
belts  are  probably  in  the  fame  fluctuating  ftate  as 
thofe  of  Jupiter,  and  arife  from  fimiJar  caufes. 

§*  That  Venus  has  an  atmofphere  may  alfo  be 
inferred  from  the  variable  fpots  which  have  been  ob- 
ferved  upon  the  face  of  that  Planet,  ||  which  are  pro- 
bably of  the  fame  kind  with  the  belts  of  Jupiter,  or 
the  clouds  which  float  in  our  own  atmofphere,  and, 
confequently,have  a  fimilar  one  to  fuftain  them-J-.  But 
for  proof  of  its  exiftence  we  need  go  no  further  back 
than  the  late  tranfit  of  Venus  over  the  Sun's  difc,  anno 
ij6<)  i  when  the  atmofphere  itfelf  was  vifible,  and 
that  in  different  fituations,  to  obfervers  in  diftant 
parts.  * 

6.  ME  RCUR  T  is  too  near  the  Sun  to  favour  us 
with  fuch  obfervations  ;  but  if  we  fuppofe  his  globe 
inhabited,  he  doubtlefs  ftands  as  much  in  need  of  an 
atmofphere  as  any  other  Planet,  and  has  as  important 
purpofes  to  be  ferved  thereby. 

j.  That 

f  Sir  Ifaac  Newton  fays  thefe  belts  "  are  formed  in  the  clouds  of  that  Planet." 

Princip.  Book  III.  Lemma  Prop.  XXXIX. 
J  S.  Opt.  Page  441.         ||  Idem,  Page  421. 
4  Were  thefe  belts,  fpots,  &c.  really  adhering  to,   and  parts  of  their  refpeclive 

globes,  they  would  always  appear  invariably  the  fame,  in  the  fame  fituations^ 

as  thofe  of  the  Moon  do  ;  in  which  no  atmofphere  has  yet  been  difco'vered'. 
*  See  Tranfaftions  of  the  American  Philofophical  Society  of  Philadelphia,  Page 

42-.     Alfo  Obfervations  by  Mr.  Benjamin  Weft  at  Providence,  N.  E.  Page  sG, 
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j.  That  the  Comets  are  furrounded  with  at- 
mofpheres  is  already  taken  for  granted,  becaufe  felf- 
evident.  Sir  /.  Newton,  from  various  obfervations, 
concludes  that  their  diameters  are,  one  with  another,  at 
leaft  equal  to  ten  diameters  of  their  nuclei  or  folid 
globes,  f 

8.  That  the  Sun  has  an  atmofphere,  and  that 
proportioned  to  his  amazing  magnitude,  is  rendered 
highly  probable  by  the  macular  appearances,  or  fpots 
frequently  difcovered  upon  his  difc  :  Which,  as  they 
often  fuddenly  break  out,  and  as  fuddenly  difappear, 
and  fometimes  vary  their  fhapes,  even  when  under 
the  eye  of  the  obferver  ;  can  be  no  other  than  huge 
clouds  of  fmoke,  or  other  vapours  floating  in  fuch 
atmofphere  -,  huge  indeed  !  as  they  frequently  ex- 
ceed the  whole  fuperficies  of  the  Earth.  Mr.  Derfoam, 
who  was  peculiarly  affiduous  in  obferving  them,  has 
afligned  a  caufe,  to  which  their  phenomena  accurately 
agree.  He  fuppofes  them  to  be  immen-fe  volumes 
ot  fmoak,  belched  forth  by  volcanoes  or  fiery  erup- 
tions, which  are  frequently  breaking  out  upon  his 
furface  J.  Thefe  fpots,  when  large,  fometimes  con- 
tinue during  a  whole  revolution  of  the  Sun  round  his 
axis,  or  about  twenty-five  days  ;  and  it  is  from  the 
regular  returns  of  fuch  fpots  to  the  fame  part  of 
his  difc  again  that  this  revolution  has  been  determined. 
But  fuch  clouds,  were  they  not  fupported  by  an  at- 
mofphere, would  tumble  down  again  upon  the  Sun 
preiently  after  the  explofions  which  raifed  them  were 

over, 

f  See  Princip.  Book  III.  Prap.  XU. 

2  See  Jones's  Abridgment  of  Philoiopb*  Tranf.  Vol.  IV .  Page  2jS. 
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over,  as  we  fee  vapors  emitted  In  an  exhaufted  receiver, 
for  want  of  air  to  fuftain  them,  fink  down  to  the  bot- 
tom of  the  receiver. 

II.  We  (hall  now  endeavour  to  prove  that  the 
planetary,  cometary,  and  folar  atmolpheres,  confift  of 
the  fame  elementary  fluid  with  the  atmofphere  of  the 
Earth,  viz.  AIR. 

Air  is  a  fluid,  which  when  pure  is  tranfparent,  and 
in  the  higheft  degree  elaftic,  being  indefinitely  com- 
preffible  and  dilatable  •,  which  qualities  are  truly  cha- 
racteriftic  of  it,  as  we  know  of  no  other  fluid  to  which 
they  belong. 

It  may  be  necefTary  to  obferve  here,  that  upon  our 
globe,  which  (as  already  obferved)  is  itfeif  a  Planet,  the 
prefence  of  air  is  neceffary,  both  to  the  prefervationof 
animal  life,  and  to  the  exiftance  of  flame  :  For  in  a 
glafs  receiver,  fmall  animals  die,  and  candles  go  out, 
immediately  upon  the  air  being  exhaufted;  upon  air 
alfo  feemsto  depend  the  explofive  power  of  enkindled 
vapors •,  for  gun-powder  itfelf,one  of  the  mod  powerful 
agents  hitherto  invented  by  the  art  of  man,  if  fired  by 
an  hot  Iron  in  vacuo,will  confume  away,but  never  flaih, 
nor  explode ;  and  it  is  generally  agreed  by  thofe  who  are 
acquainted  with  experimental  philofophy,  that  this  vi- 
vifying, inflammating  quality  of  air,  depends  upon  its 
elafticity,  or  the  active,  contrifugal  power  of  its  par- 
ticles, to  be  confidered  under  the  next  general  head. 
This  being  premifed,  we  proceed  to  prove, 

Firft,  That  the  atmofpheres  of  the  feveral  globes 

of 
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of  the  Syftem  confift  of  tranfparent  fluids :  The  truth 
of  which  will  be  fufficiently  evident,  if  we  confider  the 
feveral  phenomena  by  which  they  were  difcovered. 

It  has  already  been  fhewn  that  Mars  is  furrounded 
with  a  very  extenfive  atmofphere  ;  which,  had  it  not 
been  tranfparent,  muft  have  efcaped  the  notice  of  af- 
tronomers  during  the  time  of  the  occultation  of  the 
ftar  before  mentioned  •,  for  were  it  opaque,  it  would, 
by  reflecting  the  Sun's  rays,  as  well  as  by  its  want  of 
tranfparency,  have  hid  the  Planet  itfelf,  and  by  the  oh- 
fervers  have  been  confounded  with  it  -j-;  in  which  cafe 
the  moments  of  the  occultation  of  the  ftar,  and  of  its 
vifible  contact  with  the  limb  of  the  Planet,  would  have 
been  the  fame  •,  whereas  the  difappearance  of  the  ftar 
before  any  fuch  contact:  could  take  place,  is  a  demon- 
ftration  of  the  refraction  of  its  rays  in  a  tranfparent 
medium,  with  which  the  Planet  is  furrounded. 

The  changes  which  are  obfervable  in  thofe  fluctu- 
ating collections  of  heterogeneous  matter,  of  which 
the  b^lts  and  fpots  in  the  other  Planets,  and  the  Sun 
confift,  for  the  fame  reafon,  could  never  have  been 
difcovered,were  they  not  fuftaihed  in  tranfparent  fluids, 
above  the  furfaces  of  their  relpective  globes. 

The  tranfparency  of  the  cometic  atmofpheres  is  un- 
deniable, as  their  nuclei  are  frequently  feen  thro'  them, 
although  they  occupy  fpaces  equal  to  many  diameters 
of  the  Earth  ;  and  the  fmalleft  (tars  are  vifible  through 

the 

f  In  like  manner,  as  Sir  I.  Newton  concludes,  (Prin.  B.  III.  Lemma  IV.)  "  that 
"  the  Earth,  if  it  was  viewed  from  the  Planets,  would  without  all  doubt  fliifis- 
*  by  the  light  of  its  Clouds." 
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the  tails  which  proceed  from,  and  are  only  expanfions 
of  them  ;  in  which  tails  we  have  ocular  demonftration 
of  a  mod  furprizing  dilatability  ;  from  whence  their 
recomprefiibility  and  elafticity  may  bejuflly  inferred. 

Secondly,  Although  there  are  no  obfervations  in 
the  records  of  aftronomy  which  preve  this  elafticity  in 
the  planetary  atmofpheres  ;  yet,  as  the  Planets  are  with 
the  higheft  reafon  fuppofed  to  be  inhabited  Worlds, 
the  preemption  is  at  lead  very  ftrong,  if  fhort  of  a 
demonftration,  that  their  atmofpheres  are  defigned  to 
anfwer  purpofes  every  way  fimilar  to  thofe  which  are  ef- 
fected by  the  atmofphere  of  the  Earth,  and  that  they  are 
endued  with  all  thofe  properties, which  are,  with  us,  ne- 
cefTary  to  theprefervation  of  animal  Life ;  confequentjiz-- 
that  they  are  elaftic,  as  well  as  tranfparent,  and  alto- 
gether like  our  air. 

The  atmofphere  of  the  Sun  is,by  hisexcefiiveluftre, 
hid  from  our  view  ;  but  if  weconfider  him  as  an  im- 
menfe  flaming  globe,  kindled  up  to  warm  and  en- 
lighten the  whole  fyftem,  we  may  well  fuppofe  that  he 
has  a  large  fliare  of  that  fluid,  without  which  (as  before 
obferved)  fcarcely  any  flame  can  fubfift  with  us 
for  a  moment.  Some  Authors  indeed  are  of 
opinion,  and  not  without  reafon,  that  the  Sun  is 
not  a  body  of  fire,  as  commonly  fuppofed  ;  Doctor 
Knight  in  particular,  in  his  curious  treatife  of  at- 
traction and  repulfion,  as  two  univerfal  principle?,  by 
which  he  endeavours  to  folve  all  the  phenomena  in 
nature,  feems  to  be  of  opinion,  that  the  inhabitants 
of  the  Sun  (if  inhabited)  are  in  as  much  danger  of 
D  fuffering 
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lufTering  from  cold,  as  from  exceflive  heat  *.  But  of 
whatever  fubftance  the  body  of  the  Sun  may  confift, 
Mr.  Derham  has,  by  his  obfervations,  put  it  beyond 
all  reafonable  doubt,  that  the  macula  and  facula^  or 
the  darker  and  brighter  fpots  obfervable  at  times  upon 
the  Sun's  difc,  are  really  owing  to  the  burlting  of  vol- 
canoes ;  %<  the  facul<e  being  only  the  appearance  of 
"  the  flames,  after  the  denfe  fmoke  attending  the  ex- 
'4  plofions  is  difTipated,or  removed  to  a  diftance  from 
"  them  -j-."  Now  there  is  no  reafon  to  doubt  but 
that,  upon  our  globe,  air  is  as  neceflary  to  the  flames 
of  ./Etna  and  the  eruptions  of  Vefuvius,  as  to  the 
final ler  blaze  of  a  candle,  or  to  the  exolofion  of  oun- 
powder  ;  may  we  not  then  rationally  conclude.,  that  it 
is  equally  neceflary  to  thofe  aflonifhing  volcanoes  in 
the  Sun  ? 

It  is  now  proved,  as  far  as  the  propofition  is  in  the 
nature  of  it  capable  of  proof,  that  the  celeftial  bodies 
are  furrounded  with  atmofpheres,  and  that  thefe  at- 
mofpheres  confift  of  tranfparent  elaftic  fluids,  like  the 
air  furrounding  this  Earth.     It  remains  that  we  prove, 

*  See  faid  treatife,  Page  58  ;  in  which  are  thefe  remarkable  Words  :  Speak- 
ing of  the  Sun  and  fixed  Sars,  he  fays,  "  Their  Globes  are  no  longer 
"  frightful  Gulphs  of  Fire,  but  inhabitable  Worlds  :  Thofe  Philofopher* 
"  who  thought  them  too  hot  for  the  Habitation  of  Salamanders,  and 
"  thofs  fublimer  Genii,  who  thought  them  to  be  Heiis,  will  now  per- 
"  haps  be  in  Pain,  left  the  Inhabitants  fhould  freeze  with  Cold".---  — 
However,  Do&or  Knight  soncludes'from  his  own  principles,  that  the  Sun  has 
an  immenfe  aerial  atmofphere  condenfed  round  him  5  for  in  the  preceding 
Page  57,  he  fays,  "  The  vaft  Weight  of  the  Sun's  Atmofphere  muft  make 
"  the  Denfity  of  the  Air  fo  great  near  the  Sun's  Surface,  that  what  would 
«'  create  a  Sound  fcarce  audible  with  us,  would  there  prodoce  a  very  loud 
«  Noife." 

■f  See  Jones's  Abridgment  of  Phil.  Traaf.  before  cited, 

III.  That 
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III.  That  the  atmofpheres  of  the  Sun,  Planets, 
and  Comets  are  mutually  repellent  to  each  other  •,  as 
the  folid  globes  they  furround  are  in  a  ftate  of  mutual 
attraction  or  gravitation. 

It  muft  here  be  obferved  •,  that  in  reaibning 
upon  gravitation,  the  great  Author  of  the  prefent  phi- 
lolbphical  fyftem  of  the  Heavens  argues  downward 
from  the  greater  to  the  letter,  from  V/orlds  to  Atoms  ; 
thus,  finding  by  mathematical  deductions,  compared 
with  aitronomical  obfervations,  that  all  the  globes  of 
the  folar  Syftem,  Sun,  Planets  and  Comets  gravitate, 
or  have  a  mutual  tendency  towards  each  other,  and 
that  this  reciprocal  attraction  is  proportional  to  the 
quantities  of  folid  matter  they  refpectively  contain  ; 
he  very  juftly  concludes,  that  every  (ingle  particle  in 
any  one  of  their  folid  maffes  both  attracts,  and  is 
attracted  by,  every  other  particle  of  matter,  contained 
in  every  globe  throughout  the  folar  Syftem.* 

But  as  the  Heavens  exhibit  no  phenomena  from 
which  we  can,  directly  and  with  equal  certainty,  infer 
the  exiftance  and  univerfai  extent  of  the  contrary 
principle  of  repulfion,  as  fubfifting  between  the  at- 
mofpheres of  the  heavenly  bodies  ;  we  are  here 
obliged  to  ufe  a  contrary  method,  and  to  reafon  up- 
ward from  the  powers  and  properties  which,  by  their 
effects,  we  difcover  to  belong  to  thofe  parcels  of  air 
upon  which  we  can  make  experiments ;  to  the  effects, 
which  the  fame  powers  and  properties  would  naturally 
produce,  in  thofe  vail  collections  of  air,   which  con- 

*   Principia  Spa'Jim. 
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ftitute  the  atmofpheres  of  the  feveral  globes ;  and  if 
by  tracing  the  neceffary  operations  of  thefe  powers, 
flep  by  ftep,  we  can  at  length  arrive  at  any  of  the 
grand  phenomena  of  nature,  we  may  with  the  higheft 
reafon  conclude,  that  thefe  phenomena  are  the  effects 
of  thofe  powers. 

We  fhall  therefore  endeavour  to  prove  from  authors 
of  the  beft  credit,  or  from  experiments  which  any  one 
may  try  at  his  leifure, 

i.  That  there  is  a  mutual  repellency  fubfifting 
between  the  particles  of  air,  whereby  they  continually 
endeavour  to  recede  from  each  other  •,  in  confequence 
of  which,  that  fluid  is  indefinitely  dilatable  from  the 
centrifugal  activity  of  its  particles,  as  well  as  com- 
preflible  by  any  foreign  power. 

The  honourable  Robert  Boyle,  Efq-,  found  by  expe- 
riments, that  air  might  be  fo  rarefied  as  to  occupy 
13769  times  the  fpace  it  fills  when  in  its  natural 
ftate  near  the  furface  of  the  Earth  £  •,  other  experi- 
ments prove,  that  it  may  be  fo  condenfed,  as  to  be 
contained  in  eV  part  of  the  fame  fpace*,  therefore 
multiplying  13769  by  60,  it  appears,  that  the  cubic 
fpace  it  is  capable  of  filling,  under  different  circum- 
itances,  may  be  as  826140  to  1.  But  the  cube  root 
of  826140  is  94  nearly  j  therefore  the  central  diftances 
of  the  particles  from  each  other,  as  difcoverable  by 
actual  experiment,  may  be  as  one  to  ninety-four,  and 
that  from  their  centrifugal  .activity. 

\  See  Shaw's  Abridgment  nf  Boyle,  Vol.  I.  Page  551. 
*  Sue  Mittin'i  Phiiofophical  Grammar,  Page  i-%. 
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Moreover,  Sir  /.  Newton  from  experiments  con- 
cludes this  repulfive  power  to  be  fo  great,  as  that  a 
cubic  inch  of  air,  condenled  as  it  is  with  us,if  removed 
one  fgmidiameter  of  the  Earth  above  its  furface,where 
it  would  be  free  from  the  preflure  of  an  incumbent  at- 
mofphere,  would  fo  expand  itielf  by  virtue  of  this 
power,  as  to  fill  the  whole  fphere  of  Saturn's  orbit  j 
nay  he  adds,  "  and  far  beyond  it"  f . 

2.  This  mutual  repellency  of  the  particles  of  air 
is  greatly  increafed  by  heat.  For  if  a  bladder  not  more 
than  half  filled  with  air,betied  up  tight,and  laid  before 
the  fire,  the  additional  expanfive  power,  which  the  air 
contained  therein  acquires  from  the  heat,  will  fwell  the 
bladder  to  its  utmoft  extent,  and  will  at  length  burft  it 
with  an  explofion. 

3.  The  particles  of  air,  although  mutually  repel- 
lent amongft  themfelves,  are  with  regard  toother  mat- 
ter, in  the  common  ftate  of  gravitation  or  attraction. 
This  is  evident  from  their  being  condenfed  in  the  form 
of  atmofpheres  round  the  folid  globes  of  the  Syftem, 
and  attending  them  through  all  their  revolutions. 

4.  The  mutual  repellency  of  the  particles  of  air 
is. indefinitely  greater,  in  proportion  to  the  quantities 
of  repelling  matter,  than  the  mutual  attraction,  fubfift- 
ing  betwixt  the  folid  particles  of  attracting  matter. 

The  truth  of  this  propofition  will  appear,  at  leaft 
highly  probable,  if  we  confider  that  the  quantity  of 


f  Princip.  gook  III.  unier  Prop.  XLT. 
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matter  contained  in  our  air  near  the  furface  of  the 
Earth,  and  which  gravitates  in  common  with  other 
matter  towards  its  center,  is  fo  fmall,  tho'  condenfed 
by  the  incumbent  weight  of  the  whole  atmofphere, 
that  one  quart  of  it  weighs  no  more  than  eight  grains, 
as  appears  from  experiments  ;  yet  fo  great  is  the  re- 
pulfive  power  of  its  particles,  that  a  fmall  quantity  of 
it,  condenfed  by  art  in  the  barrel  of  an  air-gun,  of  the 
fize  and  bore  of  a  common  fowling-piece, is  iufficient, 
when  permitted  fuddenly  to  expand  itfelf  through  the 
tube,  to  difcharge  a  mufket  ball,  in  the  fame  manner 
as  fired  gun- powder,  the  noife  excepted,  and  with  the 
like  fatal  effecls. 

We  (hall  now  proceed  to  prove  the  following  pro- 
portion, viz.  If  two  corpulcles  of  matter  be  in  a  ftate  of 
mutual  repulfion  at  any  given  diftance,  as  A.  B.  Fig.i. 
where  they  repel  each  other  with  a  given  force,  fay 
=  i.  and  this  repulfion  decreafes,either  as  the  diftances 
Ac,  Ad,  Ae,  Af,  &c.  or  as  the  fquares,  cubes,  or  any 
higher  powers  of  thofe  diftances,  increafe,  the  extent 
of  that  repulfion  is  indefinite. 

For  fuppofe  A  and  B  to  be  two  fuch  particles  re- 
pelling each  other  at  the  diftance  A  B  with  a  force 
=  i.  continue  the  line  A  B  indefinitely  through  the 
equidiftant  points  c,  d,  e,  &c.  let  the  particle  A  be 
fixed,  B  movable  :  Let  us  fuppofe  this  power  to  de- 
creafe,  lft,  fimply,  as  the  diftances  increafe  ;  then,  if 
we  fuppofe  the  particle  B  to  move  fucceffively  through 
c,  d,  e,  &c.  this  {50wer,at  thofe  feveral  diftances,  will  be 

as 
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as  follows,  viz.  at  ^=  ^,at^=  |,at<?  =  £,&c.in  infinit. 
2.  If  it  decreafe") 

as  thefquares  >  c=  i,at^~  ^,at  £=-r|>  &c.  in  inf. 

increafe,itisat  J 

2. 1  fas  the  cubes.  7  .       ,     .  .    0      .    .   - 

.    .  >  <:=  |-,at^=aT5atf=6+>&c.  lninf. 

it  is  at  -   -    J 


L.Ifasthebiqua-7         T        »     T 
drates,  it  is  ar.} 


rV,at  e =*  fs,&c.  in  inf. 
&c.  onwards  indefinitely. 

Now  whatever  the  diflance  affigned  between  the 
two  particles  may  be,  and  whatever  may  be  the  index 
of  the  power  which  expreifes  the  ratio  of  the  decreafe 
of  their  repulfive  force,  this  force  will  in  every  cafe 
be  expreffible  by  a  fraction  whofe  numerator  is  i9 
and  its  denominator  equal  to  the  given  diflance,  in- 
volved according  to  the  index  of  the  given  power,  as 
is  evident  from  infpection  of  the  foregoing  fractions 
as  they  ftand.  It  can  never,  therefore,  become  equal 
to  nothing,  until  the  denominator  of  the  fraction  be- 
comes infinite,  which  never  can  be  at  any  affignable 
diflance,  however  great  %  therefore,  the  extent  of  this 
mutual  repulfion  is  indefinite.     Q^  E.  D. 

In  mathematical  reafoning,  the  fmallefl  quantities 
are  not  to  be  difregarded,  unlefs  fuppofed  fmallerthan 
any  aflignable,  as  in  fluxions,  &c.  ;  for,  as  all  the 
huge  maffes  of  the  folar  Syftem,are  compofed  of  par- 
ticles of  matter  inconceivably  fmall,  (o  their,  me- 
chanical effects  upon  each  other  are  proportional  to 
the  numbers  of  fuch  component  particles  they  re- 
^ectively  contain  ;  and  though  the  mutual  effects  of 

tw© 
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two  fingle  particles,  at  any  given  diftance,  might  be 
indefinitely  fmall,  yet  we  may  eafily  conceive,  that, 
when  indefinite  numbers  of  fuch  particles  are  consoli- 
dated into  one  mafs,  and  exert  their  influence  from 
a  common  center,  that  that  influence  may  be  as  exten- 
five  as  the  folar  Syftem,  and  perhaps  as  the  material 
univerfe.  Thus  the  Sun,  by  the  united  attractive 
force  of  his  conftituent  particles,  regulates  the  motions 
of  the  Comets,  even  at  their  aphelia,  where  their 
diftances  from  him  confound  the  human  imagination  ; 
amounting  in  fome  of  them  to  many  thoufands  of 
millions  of  miles  •,  yet,  at  thofe  amazing  diftances 
from  the  Sun,  they  are  by  his  influence  retained  in 
their  proper  orbits,  without  any  deviation,  till  at  length 
they  are  brought  back  to  him  again,  many  of  them 
after  excurfions  of  Tome  hundreds,  and  poffibly  fome 
of  them  after  thoufands  of  years  ;  in  effecting  which 
every  particle  of  matter  in  the  Sun,  however  fmall5 
bears  a  part. 

On  the  other  hand,  the  atmofpheres  of  the  heavenly 
bodies  confift  of  particles  mutually  repellent ;  not 
confolidated  indeed,  as  that  would  be  incompatible 
with  the  nature  of  the  fluid  compofed  of  them,  but 
each,  in  confequence  of  the  mutual  attraction  between 
its  conftituent  particles  and  the  globe  it  furrounds, 
condenfed  into  a  fluid  mafs. 

In  this  cafe  alfo,  though  the  mutual  repelieney  be- 
tween two  fingle  particles  might  at  a  given  diftance 
be  indefinitely  fmall,  yet  the  influence  of  two  fuch 
rnafTes  upon  each  other,  when  thus  condenfed,   may 

be 
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be  as  extenfive  as  in  the  former  cafe  of  attraction. 
The  united  repulfive  force  of  the  particles  m  each, 
would  in  like  manner  exert  itfelf  as  from  their  com- 
mon center. 

Let  us,  for  illuftration  of  the  fubjecl,  fuppofe  this 
repellent  power  between  the  particles  A  and  B,  Fig.  i, 
to  decreafe  as  the  fquares  of  the  diftances  increafe, 
then  at  a  diftance  equal  to  ioooooooo  AB,  or,  in 
other  words,  fuppofe  the  particles  A  and  B  removed 
one  hundred  millions  of  times  further  afunder  than 
reprefented  in  the  figure,  the  repulfive  force  wou!d 
then  be  equal  to  toooooooWooooooo,  or  to  one  ten- 
thoufand-million-millionth  part  of  what  it  is  at  the  fimple 
diftance  A  B  ;  which,  though  frnall  indeed,  is  yet 
fomething,  for  the  fame  diftance  remaining,  viz, 
i  oo  ooo  ooo  AB,  if  ten  thoufands  of  millions  of  millions 
of  fuch  particles  of  equal  bulk  and  repellency  were 
condenfed  round  the  point  A  as  a  center,  then  the 
repulfive  force  between  the  mafs  at  A  and  the  particle 
B  would  be  equal  to  that  between  the  two  fingle  par* 
tides  A  and  B,  at  the  diftance  AB  ;  once  more, 
fuppofe  the  fame  diftance,  viz.  ioooooooo  A  B  to 
remain,  and  the  particle  B  to  have  the  fame  number 
of  repellent  particles  condenfed  round  it,  as  we  have 
already  fuppofed,  to  be  condenfed  round  A  ;  then  the 
repulfive  power  fubfifting  between  the  two  maiTes 
would  be  ten  thoufands  of  millions  of  millions  of  times 
greater  than  between  the  two  particles  A  and  2?,  at  the 
diftance  A  B. 

We  have  feen  that  air  confifts  of  particles  thus  re- 
pellent; nor  can  we  difcover  any  bounds  to  that  re- 

E  pellency 
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peliency  by  any  experiments  we  can  make  ;  and  if  to 
other  experiments  we  add  Sir  Jfaac  Newton's  reafoning 
from  forne  of  his  own,  we  mud  conclude  them  inde- 
finitely fo,  and  confequently  that  their  repulfive  force 
decreafes  regularly  according  to  fome  certain  ratio  of 
the  increafe  of  their  diftances,  viz.  either  as  the  dijlances 
/imply,  or  as  their  Jquares,  cubes,  or  fome  other  powers 
thereof. 

It  feems  mod:  agreeable  to  mathematical  reafoning, 
to  fuppofe,  that  all  powers,  whether  attractive  or  repel- 
lent, which  act  in  fight  lines,  to,  or  from  the  centers  of 
the  attracting  or  repelling  bodies,  are  proportioned  to 
the  inverfe  ratio  of  thefquares  of  the  diftances  of  their 
centers.  For,if  we  confider  thefe  powers  as  reprefented 
by  lines, or  rays,convergingfrom  every  point  of  the  vifi  - 
ble  concave  of  the  Heavens  to  a  given  point  as  a  center 
in  cafe  of  attraction,  and  diverging  equally  from  faid 
center  in  cafe  ofrepulfion  ;  and  fuppofe  a  corpufcle  of 
matter  to  be  placed  in  any  part  of  that  fpace,  the  num- 
ber of  fuch  rays,  intercepted  by,  and  falling  upon  faicl 
corpufcle,  whether  they  were  converging  or  diverging, 
would  be  in  that  ratio,  viz..  inverfel-y  as  thefquares  of  the 
diftances  of  faid  corpufcle  from  fuch  central  point. 
The  truth  of  this  aflfertion  is  capable  of  the  moft  Am- 
ple mathematical  demonftration  ;  which  may  be  here 
omitted,  as  it  has  been  already  fufficiently  demonft rated 
by  others  :  Upon  it  indeed  depends  the  truth  of  Sir  /. 
■Newton's  pofition,  viz.  that  "  the  denfity  of  the  Sun's 
*4  rays  is  reciprocally  as  the  fquares  of  the  diftances 
*'  from  the  Sun"  •,  from  whence  he  deduces  the  propor- 
tions of  light  and  heat,  enjoyed  by  the  feverai  Planets 
of  the  %ftem. 
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If  we  conceive  fuch  fuppofed  rays  to  move  with  a 
uniform  velocity,  and  to  be  attended  with  any  mo- 
memtum  whatever,  whereby,  when  converging,  they 
impel  the  corpufcle  to,  or  repel  it,when  diverging,  from 
faid  central  point  •,  as  the  whole  momentum  would 
be  proportional  to  the  number  of  the  intercepted  rays, 
the  tendency  of  the  corpufcle  to,  or  from  the  center, 
that  is,  its  attraction  or  repulfion  would  alfo  be  in  the 
aforefaid  ratio.  That  the  attraction  of  gravitation  is 
regulated  by  this  law,  aftronomical  obfervations  fuffi- 
ciently  demonftrate. 

But  Sir  /.  Newton  concludes  from  experiments, 
to  which  ail  theoretic  opinions  muft  ever  give  way, 
that  the  mutual  repellency  between  the  particles  of  air 
is  reciprocally  as  their  diftances  only,  or  "  nearly  fo."* 

If  this  be  the  cafe,  the  phyfical  effects  of  two  par- 
ticles, and  confequently  of  two  fluid  mafTes  compofed 
of  fuch  particles,  upon  each  other,  muft  be  yet  vafily 
greater  than  if  it  were  reciprocally  as  the  fquares  of 
the  diftances,  as  we  before  fuppofed,  as  will  evidently 
appear  upon  infpection  of  the  following  fcheme  \  in 
which  thzfirft  feries  reprefents  the  diftances,  increafing 
in  arithmetical  progreffion  ;  the  fecond,  the  repellent 
force,  decreafing  as  the  diftances  increafe  only  •,  the 
third,  the  fame  force  confidered  as  decreafing  accord- 
ing to  the  increafe  of  the  fquares  of  the  diftances  ; 
thus  :  A    B 

Diftances  —     —     G  —  i — 2 — 3 — 4 — 5 — 6 — 7—8   \ 
'•Inverfe  ratio  of  dift.   o      I      4     4     i     f     4     t     t>&c- 
--of  the  fquares  of  dift.  O)      I     '-£     -    -V  -1 -  - '-A 

*  Newt.  Priacip.  Book  II.  Prop.  XXIII. 

Here 
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Here  it  is  -evident  that  at  the  diftance  3  AB*  if 
the  repellency  decreafed  only  as  the  diftances  increafe, 
that  that  force  would  be  equal  to  | ;  but  if  it  decreafed 
as  the  fquares  of  the  diftances  increafe,  it  would  at  the 
fame  diftance  be  equal  only  to  £  •,  at  the  diftance 
5  A B,  in  the  former  cafe,  it  would  be  j ,  in  the  latter 
tV  ;  if  at  the  diftance  8  AB,  in  the  former  it  would 
be  ■§.,  in  the  latter  ■&&  &c.  But  3  is  the  fquare-root 
of  9  or  4  of  £,  I  of  <ja  and  £  of  -g-V,  &c. 

It  therefore  follows,  that  if  this  repellent  force 
does  actually  decreafe  limply  as  the  diftances  increafe, 
the  quantity  of  it  at  any  given  diftance  is  greater,  in 
the  direct  ratio  of  that  diftance,  than  if  it  decreafed  in 
the  ratio  of  the  fquares  of  the  diftance3  •,  confequently, 
the  feniible  effects  of  two  fuch  fluid  mafles,  condenfed, 
as  we  have  already  fuppofed,  round  the  particles  A 
and  B,  would  be  proportlonably  more  extenfive. 

Now,  what  are  the  atmofpheres  of  the  Sun,  Planets 
and  Comets,  but  vaft  collections  of  thefe  repellent 
particles  of  air,  condenfed  round  their  refpeetive 
globes,  by  the  mutual  gravitation  fubfifting  be- 
tween them,  in  like  manner  as  we  have  already  fup- 
pofed  them  to  be  condenfed  round  the  corpufcles  A 
and  B  (Fig.  1.)  ?  But  if,  according  to  Sir  1.  Newton, 
{o  frnall  a  quantity  as  a  cubic  inch  of  our  air,  if  left 
to  itfelf  at  the  height  only  of  one  lemidiameter  of  the 
Earth,  might  exert  this  force,  fo  as  to  fill  the  whole 
fphere  of  Saturn's  orbit ;  it  demonftrably  follows, that 
the  atmofpheres  aforefaid, which  confiflof  huge  maffes 
of  the  fame  fluids  may  exten  1  their  influences  as  far 
,  ■  at 
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at  Ieaft  ;  and  though  the  condenfation  of  each  round 
its  own  globe,  by  virtue  of  their  mutual  gravitation, 
would  prevent  the  fcattering  of  its  component  particles, 
and  confounding  itfelf  with  the  atmofpheres  of  the 
neighbouring  Planets  (as  would  undoubtedly  be  the 
cafe,  however  great  their  diftances  might  be,  did  the 
caufe  of  that  condenfation  ceafe)  yet  it  is  by  no  means, 
impoffible,  nor  yet  improbable,  that  under  fome  cir- 
cumftancesjthephyfical  effects  of  two  inch  atmofpheres 
upon  each  other  may  become  very  apparent  :  For  if 
we  fuppofe  two  equal  Planets  with  their  atmofpheres 
(as  A  and  B  Fig.  a)  to  pafs  near  to  each  other,  thefe- 
atmofpheres  being  fluid,  and  that  in  the  higheft  con* 
ceivable  degree  of  fluidity,  would  give  way  to  the 
lead  degree  of  external  force,  and  in  eonfequence  oi 
their  mutual  repulfion  would  recede  from  each  other  -T 
but  the  attractions  of  their  refpective  globes  would 
prevent  their  leaving  them  wholly,  while  each  would 
fo  far  retire,  as  to  be  depreflfed  in  the  parts  next  the 
other,  and  to  fwell,out  in  the  oppofite  parts,  changing 
their  fpherical  figures  to  two  oblong  fpheroids  as  at  C 
and  D  (Fig  2.)  But  this  is  fa^d  upon  the  fuppofition 
that  both  the  globes  and  their  atmofpheres  are  equal* 
each  to  the  other  refpedtively.  Whereas,  if  we  fup- 
pofe the  body  A  to  be  an  immenfe  globe  like  the  Sun, 
having  an   atmofphere   proportionably  large,  *   and 

confequently 

*  The  folar  atmofphere  is  denfe  enough  at  the  height  of  feven  or  eight  thoufand 
miles,  or  1- 137th  part  of  the  Sun's  diameter  above  his  furface,  to  fuftain 
thofe  huge  clouds  of  fmoke  which  appear  to  us  like  fpots  upon  his  difc.  See 
Mr.  Profeflbr  Wintbrofs  Cagitata  de  Cometh,  Page  25.  If  therefore  the. 
atmofphere  of  the  Sun  confjfts  of  air,  as  we  have  endeavoured  to  prove  it  does, 
and  the  folar  clouds  and  vapors  are  fimilar  to  our  own,  and,  like  them,  require 
a  certain  denfity  of  air  to  fuftain  them  in  equilibrio,  it  follows,  that  the  deniity 
of  the  air  in  the  Sun's  atmofphere  is  as  great  at  the  height  of  7000  miles 

above 
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confequently  containing  many  thoufands,  and  perhaps 
fome  millions  of  times  the  quantity  of  this  repellent 
fluid  contained  in  the  atmofphere  of  B  -,  which  we  may 
now  confider  as  a  Comet,  of  equal  magnitude  with  the 
Earth,  but  furrounded,  like  other  Planets  of  the  fame 
fpecies,  with  an  atmofphere  of  great  extent,  when 
compared  with  the  magnitude  of  the  globe  itfelf-, 
and  if  we  fuppofe  alfo  the  vifible  effects  of  the  mutual 
repellency  of  thefe  atmofpheres  to  be  reciprocally  as 
the  quantities  of  the  repellent  fluid  contained  in  them, 
the  atmofphere  of  the  Comet  might  be  prodigioufly 
lengthened  when  in  the  neighbourhood  of  the  Sun, 
and  repelled  to  great  diftances  behind  the  nucleus, 
while  at  the  fame  time,  the  natural  fpherical  form  of 
the  Sun's  atmofphere  would  not  be  fenfibly  difturbed 
by  that  of  the  Comet.  This  reafoning  may  be  illuf- 
trated  by  confidering  the  effects  of  the  contrary  prin- 
ciple of  mutual  attraction  or  gravitation  fubfifting 
between  the  globes  themfelves,  which  effects  are  fub- 
jects,  both  of  mathematical  computation,  and  of  aftro- 
nomical  obfervation  :  For  it  is  very  certain  that  Comets 
perform  their  revolutions  round  the  Sun,  in  confe- 
quence  of  this  mutual  gravitation,  in  orbits  very  ex- 
centric,  and  nearly  parabolical ;  whereas  it  is  proba- 
ble, that  the  joint  efforts  of  all  the  Comets  which  ever 
appeared,  would  fcarceiy  difturb  therepole  of  the  Sun 
in  the  center  of  the  Syftem. 

A  Comet,  in  its  defcent  through  the  planetary  orbs, 
approaches  the  Sun  with  an  accelerating  velocity,  un- 

above  his  furface,  as  that  of  our  own  air,  at  the  height  of  but  3  or  4  miles 
above  the  furface  of  the  Earth  ;  a  height  which  our  clouds,  probably,  never 
exceed.     How  vaft  then  niuffi  be  the  extent  of  the  Sun's  whole  atmofphere  \ 

til 
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cil  it  arrives  at  its  perihelion  ;  entering  deeper  and 
deeper  within  the  fpheres,  both  of  the  repulfion  of  the 
Sun's  atmofphere,  and  of  the  activity  of  his  rays  ;  in 
confequence  whereof  the  cometic  atmofphere  is  con- 
tinually rarefying  during  this  defcent,  both  from 
the  expanfion  it  undergoes,  by  means  of  that  re- 
pulfion, and  from  the  increafing  heat,  which  it  ac- 
quires, as  it  approaches  the  Sun,  which  heat,  as 
already  obferved,  contributes  greatly  to  the  repellency 
of  the  particles  of  the  aerial  fluid.  By  the  con- 
currence of  thefe  caufes,  if  admitted,  a  tail  mud  ne- 
ceflfarily  be  formed,  the  length  of  which  would  depend, 
partly  upon  the  quantity  of  air  contained  in  the  cometic 
atmofphere,  and  partly  upon  its  proximity  to  that  of 
the  Sun,  and  confequently  would  increafe  until  the 
Comet  arrived  at  its  perihelion,  or  rather,  from  the 
continuance  of  the  caufes,  until  a  few  days  after,  which 
is  moft  agreeable  to  obfervation.  When  a  Comet  is 
at  this  ftage  of  its  revolution,  if  it  pafs  near  the  Sun, 
the  tail  dually  extends  from  its  head  through  vail 
regions  of  fpace,  exhibiting  a  curious  fpe&acle  to 
diftant  Worlds. 

If  a  cometic  atmofphere  confided  of  an  unelajlic  fluid, 
and  were  thus  repelled  by  the  atmofphere  of  the  Sun, 
it  would  put  on  the  form  of  a  very  oblong  fpheroid, 
both  ends  of  which  would  be  terminated  by  a  regular 
curvilinear  furface  as  at  A  and  a  (Fig.  3)  ;  but  as  it  is 
an  elaftic  fluid,  whole  conftituent  particles  are,  amongft 
themfelves,  mutually  repellent,  as  foon  as  ever  the  at- 
traction of  the  nucleus,  which  before  condenfed  them 
fpherically  round  itfelf,  is  diminifhed  in  any  part  of  that 
atmofphere,  by  this  oppofite  repulfion,    the  particles 
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-■in  that  part  become  more  and  more  at  liberty  to  exert 
their  own  inherent  repellency,  which  they  would  at 
•length  do  quaquaverftm,  were  it  not  that  the  repellent 
power  of  the  Sun's  whole  atmofphere,  fo  far  predomi- 
nates over  their  own  mutual  repellency,  as  conftantly 
to  keep  them  in  a  direction  nearly  oppofite  to  the  Sun's 
center  ;  but  as  this  is  not  fufficient  totally  to  prevent 
a  lateral  dilatation,  the  tail  grows  broader  and  brOader, 
as  it  extends  from  the  nucleus,  while  the  longitudinal 
expansion  is  rather  increafed  than  impeded  thcreby,until 
the  whole  train,  in  a  fair  view  of  it,  wears  nearly  the 
form  of  a  parabolic  curve  ;  the  feveral  parts  of  which 
are  lefs  and  lefs  diftincl,  as  they  are  further  diftant 
from  the  head,  until  at  length,  fpeiftators  ftiali,  at  the 
fame  time,  differ  ten  or  twenty  degrees  in  their  efti- 
mationof  its  apparent  length,  according  to  the  differ- 
ent acutenefs  of  their  fight.  *     (See  Fig.  4.  B  b.) 

After  the  perihelion,  as  the  Comet  recedes  from 
the  Sun,  the  mutual  repulfion  of  the  two  atmofpheres 
gradually  decreafes,  while  the  mutual  gravitation  of 
the  Comet  and  its  own  atmofphere  proporiionably  gets 
the  better  of  it,  until  at  length  the  exiled  atoms  are 
drawn  home,  and  that  perhaps  without  the  lofs  of  a 
fingle  one  ;  unlefs  the  tail  mould  happen  to  fweep 
the  fphere  of  fome  Planet  in  its  way  ;  in  which  cafe, 
if  the  atmofphere  of  the  Planet  were  large,  the  mutual 
repellency  of  the  two  would  rather  occafion  a  bifurca- 
tion of  the  cometic  atmofphere  than  a  union  orcon- 

*  Sir  I.  Newton  in  his  Princip.  fays,  "  the  Comet  of  1680,  in  the  month  of 
"  December,  emitted  a  notable  tail,  extending  to  the  length  of  400,  500, 
"  6o°  or  yo°  and  upwards"  :  The  disjun&Ive  (or)  irftimates  an  uncer- 
tainty, of  at  leaft  fo  degrees,  in  its  apparent  length. 

fufioa 


fufion  of  them ;  but  were  that  of  the  Planet  very  fraall, 
and  did  we  fuppofe  that  in  confequence  thereof,  that 
of  the  Comet  might  leave  a  frnall  portion  of  its  tail 
behind  •,  dill  no  detriment  to  us  could  reafon ably  be 
expected  or  feared,  upon  that  account,  confidering 
the  amazing  rarity  of  the  Comet's  Tail.  The  cometic 
atmofphere  being  gradually  re-condenfed  round  its 
nucleus  as  before,  would  provide  it  with  a  fuitable 
garment  for  winter  quarters  in  the  remote  parts  of 
its' orbit  ;"  agreeable  to  the  ingenious  hypothefis  of 
Doctor  Williamfon. 

The  thicknefs  of  a  Comet's  tail,  or  the  diameter  of 
a  feclion  made  perpendicularly  thro'  it,  is  amazingly 
great  towards  its  extremity  •,  the  apparent  breadth  of 
the  tail  of  the  Comet  of  1680,  where  itsdiftance  from 
the  Earth  was  equal  to  the  diftance  of  the  Earth  from 
the  Sun, was  equal  to  above  three  apparent  diameters 
of  the  Sun  *  j  confequently  the  real  thicknefs  of  that 
part  of  the  tail  was  about  three  millions  of  miles,  or 
between  three  and  four  hundred  diameters  of  the 
Earth,  yet,  fays  Sir  i".  Newton,  •'  the  fmalleft  Stars  were 
"  vifible  through  it  without  any  diminution  of  their 
"  luftre,"  How  inconceivably  rare  then  muft  it  have 
been  !  Perhaps- for  fome'thoufands,  not  to  fay  millions 
or  miles,  reckoned  from  its  extremity  towards  its 
head,  it  might  not  have  contained-more  air  than  a  well 
blown,  bladder  does  with  us  :  And  that  this  is  not  only 
pofllble,  but  even  probable,  appears  from  Sir  /.  New 
tffiti  computation  of  the  expanfion  which  a  cubic  inch 

j  f  The  Author  remembers  to  have  met  with  this  Obfervation  fomewhere,  but 
cannot  at  prefent  recolleil  where.  But  it  was  not  far  from  the  ttuth,  if  ap- 
f\hi  to  the  Comet  of  1769. 

F  of 
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of  our  air  is  capable  of,  already  repeatedly  referred  to. 

So  much  for  the  third  general  propofition,  which 
the  reader  will  receive  or  reject,  according  to  the 
weight  of  the  evidence  offered  in  fupport  of  it.  It  is 
however  hoped  that  candor  will  be  exercifed,  and  that 
the  whole  will  not  be  exploded,  merely,  for  want  of 
accuracy  in  the  method,  or  of  perfpicuity  in  handling 
a  fubjecl:  fo  difficult  of  accefs. 

A  fhort  digreffion  here  may  not  be  amifs,  in  order 
to  prevent  the  uncomfortable  imprefiions,  which  the 
appearance  of  a  Comet  is  apt  to  make  upon  the 
minds  of  fome,  and  which  were  greatly  increafed  dur- 
ing the  appearance  of  the  Comet  of  i  y6g,  by  an  in- 
judicious  publication  in  one  of  the  fouthern  news- 
papers, wherein  it  was  infinuated,  that  if  that  Comet 
fhould  pafs  between  the  Earth  and  the  Sun,  the  Earth 
would  pafs  through  the  tail  of  the  Comet ;  the  con- 
fequence  of  which,  the  writer  fuppofed,  might  be  fatal 
even  to  the  World  itfelf.  But  from  the  foregoing 
obfervations  it  is  evident,  that  fuch  apprehenfions 
were  groundlefs.  The  ingenious  and  learned  Mr. 
IVbiflon  has  indeed  endeavoured  to  prove,  in  order 
to  fupport  his  Theory,  that  a  Comet  palling  near  the 
Earth  in  its  defcent  towards  the  Sun,  occafioned  the 
univerfal  deluge,  by  leaving  behind  it  a  fufficient 
quantity  of  vapors  from  its  atmofphere  and  tail,  (in 
which  he  fuppofed  the  Earth  to  be  inveloped,)  when 
condenfed  into  rain,  to  drown  the  World.  He  fur- 
ther fuppofed  that  a  Comet,  in  its  afcent  from  the 
Sun,  might  be  fufficientiy  heated  to  caufe  a  general 
Conflagration,  fbould  it  find  the  Earth  in  the  fame 

fituation. 
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fituation.  In  eonfequence  of  which  the  fears  of  many 
are  uiually  alarmed,  at  the'  appearance  of  a  Comet, 
by  the  apprehenfion  of  fome  grand  cataftrophe.  But 
if  the  tails  of  Comets  are  fo  extremely  rare,  as  we  find 
they  muft  neceffarily  be,  and  as  every  one  muil  be 
convinced  they  are,  who  ever  faw  the  Stars  mining 
through  them  ;  how  can  we  conceive  that  the  Earth 
in  palling  through  one  of  them,  could  carry  off  oceans 
fufficient  to  fubmerge  "  all  the  high  kills  under  the 
whole  Heaven"  ?  to  effect  which,  many  of  our  oceans 
would,  doubtlefs,be  neceffary.  On  the  contrary,it  Teems 
probable,  from  the  foregoing  confiderations,  that  the 
tails  of  all  the  Comets  which  ever  appeared,  could  nor, 
jointly,  furnifh  water  fufficient  for  one  ocean  only. — 
If  fo,  the  near  approach  of  a  Comet  muft  be  found  ut- 
terly infufficient  to  account  for  the  fuperior  waters  of 
the  deluge,  or  the  forty  days  rain  mentioned  by  Mofes\ 
whatever  diforders  might  otherwife  be  occafioned  in 
both  globes,  by  their  mutual  gravitation,  in  fuch  vi- 
cinity. And  had  the  Earth  paflfed  direc~lly  through 
the  midft  of  the  tail  of  the  Comet  of  1 769,  or  of  any 
other,  it  is  not  in  the  leaft  probable,  unlefs  the  Comet 
had  come  near  enough  to  injure  us  upon  other  ac- 
counts, that  the  Earth  could  have  carried  off  with  it, 
or  that  the  Comet  would  have  imparted  to  us1,  vapors 
fufficient,  even  for  a  common  thunder-fhower.  But 
this  is  fubmitted  to  the  reader  -,  who,  perhaps,  upon 
the  perufal  of  the  iecond  part  of  this  effay,  may  be  of 
opinion,  that  a  Comet,  in  its  afcent  from  the  Sun,  is 
no  more  calculated  to  fet  the  World  on  Ere,  than 
to  drown  it  in  its  defcent.  But  to  return  to  our 
fubject. 

Here 
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Here  a  material  objection  may  naturally  arife, 
viz.  why  mould  the  Comets  appear  with  tails,  and 
thofe,  generally,  of  enormous  lengths,  while  the 
Planets,  which  have  atmofpheres  as  well  as  the  Com- 
ets, are  always  feen  without  them,  even  when  at  equal 
diftances  from  the  Sun  ? 

To  this  it  may  be  anfwered  ;  that  the  atmofpheres 
of  the  Planets  are  fofmall,  in  proportion  to  the  globes 
they  furround,  compared  with  thofe  of  Comets,  that 
whatever  may  be  the  caufe  of  the  tails  of  the  latter ; 
if  the  fame  caufe  aft  upon  their  feveral  atmofpheres, 
proportionably  to  the  fpaces  they  refpecYively  occupy, 
the  tails  of  Comets  may  appear  of  aftonifhing  lengths, 
while  thofe  of  the  Planets  (hall  be  totally  infenfible. 
In  other  words  \  the  Planets  in  iimilar  fituations 
fhall  have  no  tails  at  all. 

The  Earth,  as  has  been  repeatedly  obferved,  is  a 
Planet,  with  which,  as  it  is  the  place  of  our  abode, 
we  are  well  acquainted  :  The  height  of  its  atmofphere 
is  generally  computed  at  about  fifty  miles  •,  beyond 
which,  its  denfity  is  not  lufficient  to  reject  the  rays 
of  the  Sun  in  the  crepufculum  or  twilight  :  The 
diameter  of  the  Earth  is  about  8000  miles,  the  dia- 
meter then  of  the  Earth  and  atmofphere  together  is 
about  8100  miles  ;  from  whence  it  appears  by  com- 
putation, that  the  fpace  occupied  by  the  atmofphere 
alone  is  to  the  fpace  occupied  by  the  Earth  alone, 
as  1  to  16  nearly. 

The  diameter  of  the  atmofphere  of  a  Comet,  as 
before  obferved,  is,  at  a  medium,  cq.u.il   to  ten  times 
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the  diameter  of  its  nucleus  j  and,  fpheres  being  as 
the  cubes  of  their  diameters,  the  magnitude  of  a 
Comet  and  its  atmofphere  together  is  equal  to  one 
thoufand  times  the  magnitude  of  the  Comet  alone  ; 
confequently,  the  fpace  occupied  by  the  atmofphere, 
is  to  the  fpace  occupied  by  the  nucleus  as  g$q  to  i. 

Let  us  fuppofe  a  Comet  of  equal  bignefs  with  the 
Earth,  having  an  atmofphere  as  above  defcribed, 
to  be  fo  fituated,  as  that  the  Sun,  the  Earth  and 
the  Comet,  may  be  in  the  Angles  of  an  equi- 
lateral triangle  :  Let  us  fuppofe  alfo  the  vifible 
effect  of  the  repelling  power  of  the  Sun's  atmofphere 
upon  thofe  of  the  Earth  and  the  Comet,  to  be  in  pro- 
portion to  the  fpaces  they  refpecYively  occupy  .-  The 
magnitudes  of  thefe  atmofpheres  being  one  to  the 
other  as  999  to  aV>  that  is  as  25974  to  1  ;  when  a 
fpectator  upon  the  Earth  might  fee  the  tail  of  the 
Comet  extend  through  an  arch  in  the  Heavens  of 
60°  ;  had  the  atmofphere  of  the  Earth  a  tail,  arifing 
from  the  fame  caufe,  in  proportion  to  the  fpace  it  oc- 
cupied, to  a  fpeclator  upon  the  Comet  it  would  fub- 
tend  an  angle  of  no  more  than  o°  o'  8"  81"' or  60 °  di- 
vided by  25974,  an  angle  which  the  bed  inftruments 
could  never  difcover  in  an  object  fo  dubiouily  defined : 
In  other  words,  when  the  Comet  would  have  a  tail 
6o°  in  length,  a  Planet  at  the  fame  diftance  from  the 
Sun  would  have  none  at  all. 

The  atmofpheres  of  the  inferior  Planets  are  pro- 
bably lefs  in  proportion,  and  thofe  of  the  fuperior, 
larger  than  that  of  the  Earth.     But  this  fubjecl:  may 

more 
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more  properly  be  introduced  in  the  fecond  part  of  this 
Effay. 

The  principle  of  repulfion  by  which  we  have  en- 
deavoured to  account  for  the  tails  of  Comets,  and  their 
oppofition  to  the  Sun,  may  receive  further  confirma- 
tion by  considering  fome  of  the  phasnomena  which  the 
atmofjjhere  of  a  Comet  would  exhibit  in  the  neigh- 
bourhood of  the  Sun,  were  the  Sun  diverted  of  his 
atmofphere,  or  were  his  atmofphere  deprived  of  its 
repellent  principle  :  We  fhall  therefore  endeavour  to' 
prove  the  following  proportion,  viz. 

Were  the  Sun  without  an  atmofphere,  or  fome 
Ofher  appendage  in  its  nature  repellent  to  the  atmof- 
pheresof  Comets,  and  the  asthe real  fpaces  void  of  re- 
fiflance;  inftead  of  one  tail,  and  that  always  turned 
from  the  Sun,  every  Comet  would  have  two  ;  the 
direction  of  one  being  towards,  the  other  from  the 
Sun,  of  which  the  former  would  be  the  mod  confi- 
derable,  and  both  would  increafe  as  the  Comet  ap- 
proached the  Sun,  from  the  increafing  gravitation 
towards  him. 

Fop.  though  a  Comet's  atmofphere  in  its  natural 
(late  furrounds  the  nucleus  in  a  fpherical  form,  (a 
form  chat  all  fluids  which  tend  to  a  common  center 
of  gravity  mud  put  on)  yet  if  we  luppofe  this  atmof- 
phere to  be  afTedled  by  its  gravitation  towards  the 
Sun,  and  to  confift  of  an  unelailic  fluid,  like  water  ; 
thofe  parts  of  this  fluid  which  were  neared  to,  and 
mod  remote  from  the  Sun,  would  have  their  gravita- 
tion towards  the  center  of  the  Comet  leOened  by  the' 

Sun's 
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Sun*s  attraction,  and  thereby,  from  a  fpherical  form 
the  whole  would  be  changed  to  an  oblong  fpheroid. 
This  is  in  fact  the  cafe  with  our  ocean,  which  is 
changed  from  a  fphere  to  a  fpheroid  by  the  gravita- 
tion of  the  Moon  ;  the  axis  of  which  fpheroid,  revol- 
ving round  the  axis  of  the  Earth  in  confequence  of 
the  diurnal  motion,  caufes  the  flux  and  reflux  of  our 
fea.  But  the  atmofphere  of  a  Comet  is  indefinitely 
elaftic,  and  thence  capable  of  an  unlimited  expanfion  ; 
therefore,  in  proportion  as  it  is  in  any  part  elevated 
above  the  fuperficies  of  the  fphere  it  occupies  when  in 
its  natural  quiefcent  (late,  fuch  parts  are  proportionably 
at  liberty  to  expand  the-mfelves,  by  virtue  of  the  mu- 
tual repulfion  of  their  component  particles,  which  are 
now  in  great  meafure  freed  from  that  conflraint  which 
before  condenfed  them  ;*  which  would  change  both 
ends  of  the  fpheroidal  figure,to  forms  fimilar  to  the  tails 
which  commonly  attend  the  Comets,  being  broaderas 
they  become  rarer  towards  their  extremities,on  one  fide 
and  the  other  :  But  the  tail  next  the  Sun  would  be  the 
moft  confiderable,  the  effects  of  his  attraction  on  that 
fide  being  greateft  ;  and,  mould  the  Co  net  approach 
near  enough  to  the  Sun, a  continued  aerial  (Iream  would 
be  formed  from  one  globe  to  the  other,  whereby  the 
Sun,  by  his  fuperior  attractive  power,  would  by  de- 
grees rob  the  Comet  of  its  atmofphere,  condenfing  the 
fame  round  his  own  globe,  without  leaving  the  Comet 
a  fufficiency  for  the  purpofes  of  life  and  vegetation 
in  its  folitary  retreat  without  the  planetary  spheres. 
But  as  the  Sun  has  an  atmofphere,  repellent  to  the 
atmofpheres  of  the  other  heavenly  bodies,  thefe  in- 

*SeeP»ge  31. 

conveniences 
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conveniences  are  thereby  prevented,  and  every  globe 
of  the  fyftem  retains  its  own,  unimpaired,  through 
every  ftage  of  its  revolution. 

That  the  projection  of  the  tail  of  a  Comet  from 
its  nucleus,  and  its  perpetual  oppofition  to  the  Sun, 
do  arife  from  the  mutual  repellency  of  the  atmof- 
pheres  of  Sun  and  Comet,  as  we  have  endeavoured  to 
prove  in  the  foregoing  pages  •,  may  be  confirmed  and  il- 
lustrated, if  notdemonflrated  by  electrical  experiments. 

The  electric  fluid  is  an  element,as  diftinct  from  all 
others  which,  we  are  acquainted  with,  as  air  is  from 
water  ;  and  if  there  be  any  fuch  thing  exiting  in  na- 
ture, as  pure  elementary  fire,  this  claims  that  character, 
in  preference  to  all  others.  For  fire,  in  its  common 
form,  is  fo  far  from  being  a  pure  element,  of  itfelf, 
that  the  prefence  of  air  is  neceffary  to  its  very  being. 
Whereas  the  electric  fire,  in  many  experiments,  acts 
with  greater  freedom  in  vacuo^  than  in  the  open  air. 
But,  different  as  this  wonderful  fubftance  is  from  all 
others,  we  find,  that  fome  of  its  properties  greatly 
refemble  thofe  of  air,  already  treated  of  :  And,  if  th.e 
following  propositions,  which  are  introduced  to  prove 
that  refemblance,  can  be  cofirmed  by  experiments  % 
and  it  be  allowed,  that  fimilar  caufes,  naturally,  pro- 
duce fimilar  effects  ;  it  isprefumed,  that  the  folutions 
of  the  cometic  phenomena,  offered  in  this  eiTay,  when 
compofed  with  thofe  experiments,  will  be  found  not 
inadequate  to  the  phenomena. 

Prop.  r.     There  is  a  mutual  attraction,  fubfifiing 
betwixt  the  electric  fiuid  and  common   maiter  ;  in 

confequenpe 
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confequence  of  which,  the  former  is  capable  of,  and 
liable  to  a  condenfation  round  the  latter  ;  in  the  fame 
manner  as  air,  by  common  gravitation,  is  condenfed 
round  the  heavenly  bodies,  in  the  form  of  atmofpheres. 

The  truth  of  this  propofition  has  been  abundantly 
proved  by  Doctor  Franklin^  and  other  writers  upon 
this  fubject  :  Indeed,  the  fuccefsof  all  our  electrical 
experiments  depends  upon  this  property  :  We  may 
add  further,  that  all  the  phsenomena  which  have  ever 
been  obferved,  in  which  that  element  is  concerned, 
from  the  attraction  of  fmall  hairs,  dull,  &c.  in 
confequence  of  the  attrition  of  amber,  to  the  mod 
fevere  blaze  and  irrefiftable  force  of  lightning  ;  de- 
pend in  a  great  meafure,  upon  the  fame  property. 

Prop.  2.  -  Air,  as  we  have  feen,  is  a  fluid,  the  par- 
ticles of  which  mutually  repel  each  other  :  So,  alio, 
is  the  electric  element. 


The  truth, of  this  propofition  is  demonstrated  by 
the  following 


'& 


EXPERIMENT.     I. 

Suspend  a  plate  of  metal,  by  wire,  from  the  prime- 
conductor  generally  ufed  in  thefe  experiments,  and 
electrify  it.  On  another  plate,  placed  under  the  for- 
mer, at  the  diftance  of  three  or  four  inches,  put  a 
fmall  quantity  of  dry  fand,  meal,  bran,  flour,  or  even 
the  mod  impalpable  powder  •,  the  particles  upon  the 
lower  plate,  being  attracted  by,  and  themfelves  at- 
tracting the  electric  atmofphere,  condenfed  round  the 
G  under 
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under  furface  of  the  upper  plate,,  a  beautiful  fliower 
will  enfue  :  Thefe  particles  will  afcend  to  the  upper 
plate ;  each,  by  virtue  of  the  aforefaid  attraction,  will 
receive,  and  condenfe  round  itfelf,  in  the  form  of  an 
atmofphere,  a  quantity  of  this  fluid  proportional  to 
its  capacity  ;  be  immediately  repelled  from  it,  and 
defcend  towards  the  lower  plate: :  But  thefe  corpuf- 
cles  defcend,  diverging  from  each  other,  many  of 
them  falling  wide  of  the  plate,  upon  the  table  be- 
neath, to  return  no  more  :  Which  divergency,  not 
only  indicates,  but  is  the  neceffary  conlequence  of,  the 
mutual  repellency  of  the  electric  atmofpheres,  now 
condenfed  round  them.  Thofe  that  recover  the 
lower  plate,  having  difcharged  their  fire,  re-afcend  to- 
gether with  thofe  that  were  left  behind  at  firft  ;  with 
them  receive  a  new  charge,  and  return  diverging,  as 
before.  This  operation  continues,  until  moft  of  the 
particles  are  fcattered  on  the  table  below,  few  being 
left  between  the  two  plates.  Now,  as  the  quantity  of 
the  fluid  condenfed  round  each  corpufcle  is,  probably, 
proportional  to  the  fuperficies  of  the  corpufcle ;  *  and 
as  this  experiment  will  fucceed  with  an  impalpable 
powder,  if  perfectly  dry,  we  may  conclude,  that  the 
fmalleft  conceivable  portions  of  the  electric  matter, 
when  once  fevered,  are  mutually  repellent  ;  from 
whence  we  may  infer  the  repellency  of  its  condiment 
particles  themfelves.     , 

This  property  is  alfo  largely  treated  of  by  Doctor 

*  SeeDoftor  Franklins  printed  letters  page  55.  §  15.  wherein  he  afferts.  that 
**  The  form  of  the  electrical  atmofphere  is  that  of  the  body  it  furrounds."--- 
This  he  proves  by  experiments,  and  from  this  principle  has  given  a  probable 
Solution  of  the  operation  of  pointy  at  a  diftance  from  the  electrified  bodiej. 

Franklins 
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Franklin,  *  and  is  as  neceffary  to  mod  electrical  ex- 
periments, as  the  former  is  to  all  •,  and,  doubtlefs, 
contributes  one  half  to  the  amazing  rapidity  of  light- 
ning, to  which  nothing,  fhort  of  that  of  the  rays  of 
light,  can  be  compared. 

Jrrop,  3.  When  two  fmall  fpherical  bodies  have 
electrical  atmofpheres,  condenfed  round  them  ;  thofe 
atmofpheres  are  mutually  repellent  :  As  we  have 
endeavoured  to  prove,  from  the  known  mutual  re- 
pellency  of  the  particles  of  air,  that  the  atmofpheres 
of  the  heavenly  bodies  are,  amongft  them  lei  ves. 

This  propofition  naturally  refults  from  the  laft, 
and  is,  in  fome  meafure,  involved  in  it ;  but,  as  the 
experiments  now  to  be  produced  in  fupport  of  it, 
may  (hew  us  in  what  manner  the  electric  atmofpheres 
act  upon,  and  affect  each  other,  it  deferves  a  more 
particular  confideration.  For,  as  thefe  atmofpheres 
are  invifible,  in  themfelves,  and  are  difcover able,  only 
by  their  effects,  it  is  neceffary  to  charge  them  with 
fome  fubflances  which  reflect  the  rays  of  light,  in  or- 
der to  render  them  proper  fubjects  of  obfervation. — 
But  the  duft,  powders,  &c.  ufedin  the  preceeding  ex-* 
periment,  will  not  anfwer  that  purpofe,  as  they  fly 
off,  infrantly,  upon  their  receiving,   and  condenfing 

*  See  Franklin's  letters  page  37.  §  5.  where  he  fays,  «'  Every  particle 
"  of  matter  electrified,  is  repelled  by  every  other  particle,  equally 
"  electrified.  Thus  the  ftream  of  a  fountain,  naturally  denfe  and  continual, 
**  when  electrified,  will  feparate  and  fpreadinthe  form  of  a  brulh,  every  drop 
"  endeavouring  to  recede  from  every  other  drop.  But  on  taking  out  the 
««  electrical  fire,  they  clofe  again."  To  which  may  be  added,  that,  if  a  fmall 
tin  cup,  filled  with  water,  having  a  fpout  juft  big  enough  to  let  out  the  water 
by  diilintt  drops,  be  electrified,  the  water  will  iffue  from  the  mouth  of  the 
fpout  in  a  diverging  mift,  fo  long  as  the  cup  remains  charged,  but  as  foots  a.»- 
discharged  again,  will  fall  in  dittlnct  drops  a  Mots, 

round- 
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round  themfelves  a  certain  portion  of  the  fluid  :  In- 
ftead  of  which,  if  fine  limber  threads  are  run  through 
the  balls,  in  various  directions,  and  their  ends  cut  off 
at  equal  lengths,  thefe  threads,  as  they  cannot  efcape, 
mew,  by  their  feveral  directions,  the  tendencies  ot  the 
electric  atmofpheres  of  the  bodies  they  adhere  to. 

This  being  premifed,  we  proceed  to  the  following 

EXPERIMENT.    II. 

Let  a  pellet  of  cork  or  pith,  thus  prepared,  be  < 
fufpended,  and  electrified  ;  the  threads  will  diverge, 
equally,  every  way,  from  its  center  as  at  A  Fig.  6.  the 
electric  atrnofphere  being  equally  condenfed,  upon 
every  part  of  it,  and  equirepellent  from  its  center 
outward.  But  if  two  fuch  balls  be-  fufpended  and 
electrified,  and  caufed  to  approach  each  other,  the 
threads  of  each,  which  happen  to  be  next  to  the  other,. 
inilead  of  (landing  out  every  way  from  the  center,  as 
before,  will  be  incurvaced  towards  the  line  of  opposi- 
tion, as  at  B  and  C  ;  whereby  the  reciprocal  repulfion 
of  their  atmofpheres  is  rendered  vifible,  as  the  direct- 
ions of  the  threads  fhew  the  tendencies  of  thofe  at- 
mofpheres reflectively  ;  from  which  it  appears,  that 
they  recede  from  each  other,  ds  far  as  the  mutual  at- 
traction fubfifting  between  each  atrnofphere.  and  its 
own  ball,  (which  atfirft  occafioned  a  condcnfation  of 
the  former  round  the  latter,)  will  permit.  But  that  the 
atmofpheres  do  not  wholly  fly  off,  in  confequence  of 
this  repulfion,  isevident,as  the  threads  cwntinue  in  the 
fame  directions,  until  one;  or  both  be  dj&Mrge.ii, 

§>uety. 
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Query.  Does  not  this  experiment  abundantly  con- 
firm  and  illuftrate  the  reafoning  in  page  29,  relative  to 
the  paflage  of  two  Planets,  or  Comets,  attended  with 
large  atrial  atmofpheres,  by  each  other  ;  whofe  mu- 
tual effects  are  reprefented  at  C  and  D  Fig.  3  ? 

We  mail  adduce  one  experiment  more,  before  we 
clofe  this  fubject,  which  may  prove  as  entertaining  to 
him  who  will  be  at  the  trouble  of  making  it,  as  it  is 
demonftrative  of  the  principle  under  confideration. 

EXPERIMENT    III. 

Provide  a  wooden  fphere,  of  four  or  five  inches 
in  diameter  (call  it  A)  ;  ht  k  be  gilt,  as  the  metal 
will  better  condenfe  the  electric  fluid  upon  its  furface  ; 
alfo  a  fmall  pellet,  of  cork,  or  pith  of  elder  (which 
call  B),  ftrung,  as  in  the  laft  experiment,  with  a  few 
threads,  of  three  or  four  inches  in  length  :  Suppofe 
A  to  reprefent  the  Sun,  B,  a  Comet  •,  fix  A  on  the  wire 
of  an  electric  bottle,  and  fafpend  B  by  afilken  thread 
from  a  point,  directly  over  the  center  of  A,  fo  as  that, 
when  neither  of  them  is  electrified,  B  may  reft  againft 
A,  a  little  below  the  level  of  its  center  ;  and  charge 
both  ball  and  pellet.  The  mutual  repellency  of  their 
electric  atmofphere  is  fo  great,  as  that  thai  of  B  is 
thrown  off  as  far  from  A,  as  the  mutual  attraction 
between  the  pellet  and  its  atmofphere  will  permit  - 
which  attraction  is  at  the  fame  timefo  ftrong,  as  that, 
rather  than  fufFer  a  feparation,the  pellet  flies  offwith  its 
atmofphere,  to  a  certain  diftance  from  A,  where  its  na- 
tural gravitation  to  the  Earth  isjuft  balanced  by  the  re- 
pellent force  of  the  two  atmofpheres :  There  B  remains 

at 
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at  reft,  while  its  atmofphere  retires  as  much  farther  as 
pofiible  from  A,  without  quitting  it  wholly  ;  inftead 
of  which  it  undergoes  a  longitudinal  dilatation,  in  op- 
position to  the  center  of  A,  as  the  atmofpheres  of  Co- 
mets do,  with  regard  to  the  Sun  :  This  is  evident 
from  the  directions  of  the  threads,  which,  obferved  in 
a  fide  view,  bear  a  near  refemblance  to  the  tails  of 
Comets.  When  the  pellet  is  in  this  fituation,  blow  it 
gently  with  a  bellows,  in  a  direction  perpendicular  to 
the  line  connecting  the  centers  ;  this  will  give  it  a 
projectile  motion,  which  will  be  regulated  by  its  com- 
mon gravitation  ;  and  as  the  center  of  A  is  directly 
under  the  point  from  which  B  is  fufpended,  the  lat- 
ter will  be  carried  round  the  former,  as  the  center  of 
its  motion.  Thus  will  this  little  Comet  perform  many 
revolutions  round  its  electric  Sun,  and  in  every  one, 
and  through  every  part  of  each,  the  tail  of  threads 
will  con-dandy  maintain  its  oppofidon  to  it,  as  the 
tails  of  Comets  do  to  the  Sun  in  the  Heavens. 

This  experiment  was  very  agreeably  repeated  with 
an  artificial  Comet,  confiftingof  a  fmall,  gilt  cork  ball, 
with  a  tail  of  leaf-gold,  about  two  inches  and  an  half 
in  length  ;  when,  during  the  whole  time  of  the  expe- 
riment, in  which  it  performed,  at  leaft,  twenty  revolu- 
tions, the  tail,  as  nearly  as  the  eye  could  judge,  was 
conflantly  projected  in  the  line  of  the  opposition  of  the 
centers  of  the  two  balls  ;  the  thread,  by  which  the 
fmaller  one  was  fufpended,  either  twifting,  or  untwift- 
ing,  the  fame  way,  during  the  whole  time.  "When 
thus  in  motion,  if  we  raifed  the  globe,  the  tail  was  de- 
preffed  ;  when  it  was  lowered,  the  tail  was  elevated  ; 
maintaining  its  oppofition,  in  every  fituation. 

But 
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But  now,  from  thefe  experiments,  fome  may,  per- 
Jiaps,  be  inclined  to  think,  that  the  electric  fluid  is  the 
fole  caufe  of  the  phenomena  of  the  tails  of  Comets : 
That  the  Sun,  as  it  is  the  grand  fource  of  light  and 
heat,  throughout  our  fyftem,  may  be  the  fountain, 
from  which  this  element,  alfo,  is  fomehow  derived  to 
its  feveral  globes  :  That  Comets,  for  wife  ends,  un- 
known to  us,  have  a  larger  fliareof  this  fluid  than  the 
Planets  ;  and  that,  when  they  approach  the  Sun's 
electrical  atmofphere,  their  own  are  thereby  repelled, 
as  in  the  foregoing  experiments  -,  and  appear  as  lucid, 
diverging  beams,  likethofe  which,  in  the  dark,  we  fee 
ftreaming  from  electrified  points. 

This  hypothecs  might  indeed  folve  the  phenomena 
-of  the  cometic  tails,  provided  the  electric  atmofpheres 
or  bodies,  charged  with  that  fluid,  were  vifible  in  any 
^of  our  experiments,  even  when  made  in  the  dark : 
But  as  that  is  never  the  cafe,  unlefsthe  fluid  be  in  mo- 
tion ;  and  as  the  proof  of  the  exiftence  of  fuch  atmof- 
pheres, when  at  reft,  depends  folely  upon  their 
fffects  upon  other  fubftances,  the  hypothefis  can- 
hot  be  admitted.  Were  this  indeed  the  true  and 
fole  caufe  of  the  phaenomena,  a  Planet,  near  which  a 
Comet  might  happen  to  pafs,  would  be  in  a  fituation, 
truly  hazardous  ;  for  it  is  evident  that  the  Planet* 
(upon  that  fuppofltion)  are  not  accommodated  witta 
fuch  vaft  electric  atmofpheres  as  attend  the  Comets  ; 
Confequently,  have  not  the  fame  proportion  of  that 
fluid  condenfed  round  them,  but  far  fbort  of  it  :-— 
Therefore,  whenever  the  electric  tail  of  a  Comet 
pafled  near  a  Planet,  it  would  be  attracted  by  //,  be 
drawn  afide,  from  its  opposition  to  the  Sun,  towards  //, 

and 
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and  upon  it  difcharge  the  furphjjage  of  its  fire,  that 
both  might  have  equal,  or  proportional  fhares ;  which 
difcharge,  if  we  confider  the  fnap  of  a  fmall  fpark  be- 
tween two  cork  pellets,  and  enlarge  rheidea,  propor- 
tionably,  to  that  inftantaneous  cataract  of  fire  which 
would  necefiarily  take  place  between  two  Worlds  in 
fimilar  fituations,  we  may  weli  imagine  would  give 
an  explofion,  which  nothing  could  equal,  fhort  of  the 
final  voice  of  an  archangel  \>  and,  if  it  were  not  fuffi- 
cient  to  roufe  the  afh.es  of  the  dead,  might  reduce  the 
living  to  their  primitive  duft.  But  fuch  a  cataftrophe, 
we  have  not  the  lead  reafon  to  dread,  from  the  neigh- 
bourhood of  a  Comet,  unlefs  we  can  iuppofe,  that  in- 
finite wifdom  and  goodr.efs  would  create  one  world, 
merely  for  the  destruction  of  another  ;  as  we  cannot 
conceive  of  any  other  ends,  to  which  fuch  huge 
electrical  atmofpheres  could  be  adapted.  Indeed  the 
difcharge  would  be  equally  fatal  to  both  worlds  ;  as 
it  is  certain  from  electrical  experiments,  that  the  ef- 
fects of  a  flroke  of  lightning  are  the  fame,  whether 
the  flam  proceeds  from  the  cloud  to  the  Earth,  or  is 
difcharged  from  the  Earth  into  the  cloud,  both  of 
which  have  happened  during  the  fame  thunder-gufr  ■, 
as  appears  from  obfervations  made  by  Mr.  Kinnerfly 
and  Doctor  Franklin*  communicated  to  the  Royal 
Society.  But  to  put  this  matter  beyond  all  reafonable 
doubt,  we  may  further  obferve,  that  if  the  phenome- 
na of  Comet's  tails  arofe  from  the  fame  caufe,  which 
renders  the  electric  ftream  vifible,  when  proceeding 
from  a  fteel  point,  thefe  tails  would  mine  by  their 
own  light,  as  the  electric  fluid  does,  when  in  motion  ; 
whereas,  an  apparent  obfcuration  or  defect,  in  one  of 

*  Franklin's  Letters,  page  116  and  I2g. 
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thofe  tails,  has  been  obferved,  which  evidently  arofe 
from  the  fhatfow  of  its  nucleus,  which  occafioned  a 
partial  eclipfe  of  the  tail,  by  intercepting  the  Sun's 
rays*:  Confequently,  the  tail,  as  well  as  the  head, 
mines  with  a  borrow'd  light,  and  both  are  vifible, 
only  by  reflecting  the  rays  of  the  Sun. 

As  the  confideration  of  the  properties  of  the  electric 
element  was  introduced,  merely,  to  illuftrate  the  feve- 
ral  propofitions,  and  the  conclufions  refulting  from 
them,  contained  in  the  foregoing  pages  ;  it  was 
thought  proper  to  add  thus  much  upon  that  fubject, 
in  order  to  prevent  the  framing  an  hypothefis  from 
thofe  properties,  which,  inftead  of  removing  the  fears 
of  the  timorous,  upon  the  appearance  of  a  Comet, 
(which  was  one  defign  of  this  effay,)  would  naturally 
tend  to  increafe  their  apprehenfions.  Whereas,  upon 
the  principles  we  have  endeavoured  to  eftablim,  the 
tails  of  Comets  appear  to  be  nothing  more  than  air, 
immenfely  expanded  and  rarefied  ;  through  which 
the  Earth  might  pafs,  with  the  utmoft  fafety  to  its 
inhabitants.  And,  inftead  of  thefe  bodies  being 
heralds,  fent  forth  to  denounce  the  wrath  of  Heaven, 
in  which  light  they  have  been  confidered  by  the  igno- 
rant and  fuperftitious,  of  all  ages  -,  or  the  immediate 
executioners  of  divine  vengeance,  as  others  have  ap- 
prehended ;  we  Avail  endeavour  to  prove,  in  the  fol- 
lowing pages,  that  Comets  deferve  to  be  confidered 
in  a  more  refpectable  light  •,  and  that  their  tails,  how- 
ever awful  and  portentous  they  have  been  efteemed 

*  Hevelii  Cometographia  Lib.  XII.  Page  898,  quoted  by  Mr.  Profeffor  Wintbrop 
In  his  zd  Leisure  on  Cornets, 

*     H  by 
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by  feme  •,  may  be  defigned  for,  and  are  wifely  adap- 
ted to,  the  truly  god-like  purpofes,  of  rendering  ha- 
bitable a  vaft  variety  of  Worlds  ;  and  of  affording  a 
comfortable  fubfiftance  to  innumerable  fpecies  of  beings, 
by  which  they  are,  probably,  inhabited. 


Si 
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AS  ancient  geographers  imagined  the  polar  and 
equatorial  regions,  or  the  frigid  and  torrid 
zones  of  the  earth,  were  uninhabitable,  in 
confluence  of  the  extremes  of  heat  and  cold,  to  which 
thofe  climates  are  expofed  :  So,  modern  aftronomers 
have  pafifed  a  fimilar  judgment  upon  the  fuperior  and 
inferior  Planets,  efpecially  on  Saturn  and  Mercury  i 
concluding,  that  our,  water  would  always  boil  upon 
the  latter,  and  be  frozen  upon  the  former  •,  and  that 
merely  in  confequence  of  their  different  diftances  from 
the  Sun*.  Whence  it  has  been  naturally  concluded, 
that  the  textures  of  their  various  fluids,  and  of  their 
inhabitants,  to  whofe  ufes  thefe  fluids  are  adapted,  are 
very  different  from  what  they  are  fotmd  to  be 
upon  our  Earth  :  And,  confidering  the  near  ap- 
proaches of  mod  Comets  ta,  and  the  vafl  elongations 
of  all  their  orbits  frem  the  Sun,  it  has  been  generally 

*  See  Newt.  Prlncip.  Book  III.  Prop.  VIII.  Cor.  4. 
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fuppofed,  that  ho  material  race  of  beings  could  fubfift 
under  fuch  amazing  viciffitudes  of  heat  and  cold,  as 
thofe  bodies  muft,  from  their  different  fituations,  ne- 
ceflarily  be  expofed  to  j  confequently  that  they  are 
uninhabited. 

But  the  conclufivenefs  of  this  reafoning  depends 
upon  the  truth  of  the  following  Propofition  ;  ad- 
vanced indeed  by  Sir  Ifaac  Newton ;  but  not  fupported 
by  experiments,  which  were,  with  him,  the  criterion 
veritatis  \  viz.  that,  "  The  heat  of  the  Sun  is  as  the 
"  denjity  of  his  rays,  that  is  reciprocally  as  the  fquares  of 
"  the  diflances  from  the  Sun.*" 

Here,  we  are  again  reduced  to  the  difagreeable 
neceflity,  of  diflenting  from  the  opinion  of  the  greateft 
GENIUS  that  ever  dignified  human  reafon  •,  which^ 
confidering  the  juftly  celebrated  fame  of  that  illuftri- 
ous  author,  may  be  ftigmatized  as  ignorance  or 
vanity  :  But  it  is  hoped  chat  the  reader  will  wave  that 
imputation,  if  he  fhall  judge,  upon  the  whole*  thai 
Sir  Ifaac  himfelf  would  have  altered  his  opinion,  upon 
the  evidence  which  we  mail  produce  in  fupport  of  the 
contrary  pofition  :  We  may,  however,  lay  down  this 
as  a  maxim,  that,  in  the  profecution  of  any  fcience3 
the  progrels  of  the  mind  muft  neceflarily  be  retarded, 
in  proportion  to  the  implicit  aflfent  we  give  to  the  de- 
cifions  of  any  man,  however  great.  We  (hall  there* 
fore,  without  further  apology,  endeavour  to  prove  that 
the  heat  of  the  Sun,  as  perceived  by  us,  and  as  dif- 
coverable  by  its  effects  upon  ether  fubftances  expofed 
to  his  rays,  does  not  depend  upon  the  denfhy  of  thofe 

*  Printip.  under  Prop.^XLI.  Book  III. 
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rays  only>,  though  they  are  necefiary  to  the  very  ex* 
iftence  of  that  heat ;  buc,  equally  upon  the  concurrent 
operation  of  another  caufe,  which  we  fhall  prefently 
confider  ;  from  whence  it  will  follow,  that  thefc 
caufes,  wherever  they  co-exift,  whether  upon  the 
Earth,  or  upon  the  heavenly  bodies,  will  naturally 
produce  fimilar  effects. 

In  the  mean  time,  before  we  engage  in  the  dif- 
cuffion  of  planetary  heat,  as  depending  upon  the  feve- 
ral  diftances  of  the  Planets  from  the  Sun  ;  it  may 
throw  fome  light  upon  this  fubjecl:  if  we  confider  the 
portion  of  that  heat  which  falls  to  our  own  {bare,  and 
the  diftribution  of  it  throughout  the  various  climates 
of  the  Earth. 

The  furface  of  the  Earth  has,by  geographers,  been 
divided  into  five  zones,  viz.  one  torrid,  including  all 
the  regions  between  the  tropics,  upon  every  part  of 
which  the  Sun  fhines  perpendicularly  twice  every  year : 
Two  frigid,  which  arefituated  between  the  polar-circles 
and  the  poles,  and  endure  the  rigors  of  perpetual 
winter,  as  the  former  is  always  balking  in  a  fummer 
Sun  :  And  two  temperate,  which  experience  the  viciffi- 
tudes  of  winter  and  fummer,  and,  in  fome  parts  of 
them,  in  their  extremes  ;  thefe  are  fituated  between 
the  frigid  and  torrid  zones,  in  both  hemifpheres.  In 
the  firft  of  thefe,  the  feafons  are  much  more  uniform 
than  in  the  others,  the  days  and  nights  being  nearly 
of  equal  lengths,  the  year  round  ;  and  although  the 
heat  may,  for  a  conftancy,  be  greater  therein  than  in 
any  other  climate,  yet  it  is  not  liable  to  fuch  great  and 
fudden  changes  as  are  experienced  in  the  temperate 
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zones  ;  for,  during  a  whole  annual  revolution  of  the 
earth,  the  difference  of  the  degrees  of  heat,  experienced 
in  the  /<?mVzone,as  determined  by  the  thermometer,  are 
not  fo  great  as  thofe  which,  fometimes,  happen  in  the 
temperate  zones,  within  the  compafs  of  a  few  hours*  : 
Much  more  do  they  fall  fhort  of  the  extremes  which 
are  endured  in  the  latter,  in  the  oppofite  feafons  of  the 
year.-}-  But  what  is  above  afferted  of  the  torrid  zone 
is  to  be  underftood  only  of  the  low,  inhabited  and 
cultivated  countries,  the  mountainous  regions  with 
which  thofe  climates  abound  being  excepted,  for  rea- 
fons  which  will  hereafter  appear: 

The  axes  of  the  feveral  Planets  whofe  diurnal  ro- 
tations have  been  difcovered  are  inclined,  more  or 
lefs,  to  the  planes  of  their  refpedlive  orbits  ;  confe- 
Cjuently,  their  fuperficies  are  divifible  into  zones  and 

*  One  morning,  in  the  winter  of  176S,  the  mercury  in  Faretibeh's,  thermometer 
.  was  5°  below  o°  ;  by  n  o'clock  the  fame  day  it  hadrifen  to  300,  and  the 
next  day  to  above  6o°  ;  the  difference  being  650  in  little  more  than  24 
hours.  Again,  May  30,  1764,  when  the  general  election  for  the  choice  of 
councellors,  for  this  province,  was  held  at  Concord,  (a  town  abeut  20  miles  weft 
from  Bojien)  the  weather  was  (for  the  feafon)  extremely  hot ;  but  on  the 
Warning  of  the  ift  June  following,  a  fevere  froft  cut  off  all  the  indian  corn, 
fcsans  and  other  tender  annual  vegetables,  in  that  and  the  towns  adjacent,  for 
miles  round.  And  on  one  Sunday  morning,  in  the  winter  of  1759-60,  a 
transition  was  made,  inftantaneoufly,  from  fevere  cold  to  fummer  heat ;  to 
the  great  furprize  of  every  one,  and  to  the  no  fmall  terror  of  many.  The 
buildings  fuddenly  fmoked  to  fuch  a  degree,  that,  in  fome  of  the  worshipping 
aflemblies  at  Bojion,  the  people  fufpeftcd  that  the  neighbouring  houfes  were 
on  fire  ;  and  there  was  fcarcely  a  perfon,  who  did  not  recoil  from  the  heat,  at 
the  church  doors,  at  the  clofc  of  the  fervice, 

f  One  fummerS  afternoon  in  the  year  1760,  the  thermometer,  being  expofed  t# 
the  open  air,  in  the  fhade,  the  Mercury  flood  at  ioz°.  At  another  time,  viz. 
in  the  winter  of  1766.-67,  the  Sun  being  an  hour  high  in  the  morning,  it  wa$ 
et  90  below  o°.  Thefe  were  probably,  as' great  extremei  as  have  been  ob> 
/crvsd  in  this  climate,  the  difference  being  u  j°  by  the  thermometer. 
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climates,  correfponding  with  thofe  of  the  Earth  :  And 
it  is,  at  leaft,  highly  probable,  that  the  various  cli- 
mates of  each  globe,  during  its  periodical  revolution 
round  the  Sun,  experience  as  great  viciffitudes  of  heat 
and  cold  as  thofe  of  the  Earth  :  Nor  is  it  unlikely 
that,  in  the  equatorial  regions  of  the  different  Planets, 
there  may  be  at  the  fame  time  as  great  varieties  in  the 
degrees  ot  heat  they  refpeftively  enjoy,  as  there  are  ia 
the  temperate  zones  of  the  earth  in  the  different  fea- 
fons  of  the  year ;  but  fuppofmg  all  this,the  inequalities  in 
the  diftribution  of  heat  to  the  feveral  Planets  and  their 
various  climates  would  vanifli,  when  compared  with 
thofe  extremes_which  they  would  neceffarily  be  expo- 
fed  to,  at  their  feveral  diftances  from  the  Sun,  upon  the 
fuppofition  that  the  Sun's  heat  were  as  the  denfity  of 
his  rays  ;  for  were  that  really  the  cafe,  the  heat  of 
Summer  upon  Mercury  would  be  about  feven  times  as 
great  as  upon  the  Earth,  and  above  twice  as  hot  as 
boiling  water  with  us.  On  the  other  hand  our  funv 
mer  heat  would  be  above  ninety  times  greater  than 
that  of  Saturn,  the  difference  being  more  than  (even 
times  as  great  as  that  between  our  fummer  heat  and 
the  heat  of  red  hot  iron*  :  For  it  is  undoubtedly  cer- 
tain, that  the  denfity  of  the  Sun's  rays  is  reciprocally 
as  the  fquares  of  the  di fiances  from  the  Sun  ;  from 
whence  the  above  conclusions  muft  neceffarily  follow., 
if  the  heat  be  proportional  to  that  denfity. 

It  is  certainly  then  a  queftion  well  deferving  a  phi* 
lofophical  enquiry  -,  whether  there  be  not  forne  me*- 

*  Sir  L  Newton  concludes  from  experiments  that  boiling  water  is  three  timeg# 
and  red  hot  iron  about  twelves  times  hotter  than  our  fummer  heat.  Prindp. 
Prop.  XLL  Book  III, 
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dium  provided  in  nature,  which,  being  diftributed  in 
-different  proportions  to  the  feveral  Planets,  may  fo 
attemper  the  heat  of  the  Sun  to  their  refpective  dii- 
tances  from  him,  as  that  the  inhabitants  of  all  may  be 
equally  happy  in  the  enjoyment  of  it  ;  and  that  one 
globe  may  receive  as  much  benefit,  and  be  expofed  to 
as  little  injury,  from  that  heat,  as  any  other  through- 
out the  fyftem.  This  indeed  feems  to  be  an  object  fo 
worthy  of  the  attention  and  providence  of  the  great 
PARENT  of  the  univerfe,  that  a  philofophic  mind 
would  naturally  embrace  fuch  an  hypothefis,  had  it, 
but,  the  moft  (lender  evidence  to  fupport  it.  This 
medium,  we  fhall  find,  is  actually  provided  in  the 
element  of  air,  which  is,  in  various  proportions,  con- 
denfed  round,  and  conftitutes  the  atmofpheres  of  the 
Earth  and  the  heavenly  bodies.     / 

As  air  is  an  element,  to  which  we,  and  probably 
the  inhabitants  of  the  other  Planets,  are  more  indebted 
than  is  generally  imagined  ;  amort  differtation  upon 
fome  of  the  advantages  which  accrue  to  us,  and  pro- 
bably to  them,  from  its  prefence,  may  be  acceptable 
10  the  reader. 

AIR  is  a  grand  medium  in  nature,  through  which 
an  all- bountiful  providence  conveys  to  us  many  of  the 
conveniences,  comforts,  and  delights  of  life.  Upon 
Air  depends  the  afcent  of  vapors,  and  their  condenfa- 
tion  into  clouds,  whence  they  defcend  in  dews  and 
grateful  mowers,  to  refrefh  and  fructify  the  Earth.-— 
Upon  Air  we  depend  for  the  twilight,  which  affords 
us  an  agreeable  gradation  of  (hades  from  day  to  night ; 
without  which  we  mould  inftantaneoufly  plunge  from 
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the  light  of  the  Sun  to  midnight  darknefs ;  and  again 
emerge  from  total  darkneTs  to  the  full  luftre  of  day  *, 
which  would  be  unfufferable  to  our  organs  of  fight, 
upon  their  prefent  conftructure.  Air  is  alfo  the  ve- 
hicle of  founds,  whether  articulate  or  inarticulate; 
confequently  without  it,  we  mould  not  only  be  de- 
prived of  the  artlefs  melody  of  the  woods,  and  of  the 
raptures  which  accompany  the  mafterly  execution 
of  mufical  compofition  ;  but,  which  is  of  infinitely 
greater  importance  to  us  ;  there  could  be  no  language, 
no  communication  of.  ideas,  but  by  dumb  figns  ;  no 
liberal  arts  nor  fciences  in  the  world.  Tfherefore.  if 
we  could  fubfift  without  this  elements  all  mankind 
would  be  like  the  unhappy  few  among  us  who  are 
laid  to  be  born  deaf  and  dumb. 

It  has  already  been  fhewn  from  experiments,  that 
Air  is  necefiary  both  to  the  fupport  of  animal  life,  and 
to  the  fubfiftanee  of  .flame  \.  And  how  far  the  very 
being  of  fire*  in  any  fhape,  and  even  of  heat  itfelf, 
may  depend. upon  it,  the  reader  may  judge  from  the 
following  experiments  and  obfervations  of  Mr.  Boyle9 
related  in  Sbaw's  Abiidgement. of  his  Works. 

"  Coals,"  fays  Mr.  Boyle,  "  being  put  glowing 
u  into  a  receiver,  in  three  minutes  after  beginning 
4i  to  pump,  the  fire  totally  difappeared.— -Other  coals 
ic  being  fufpended,  in  the  open  air,  at  the  fame  time, 
?'.  continued  .burning  'till  a  great  part  was  rtdxiced 
".  to  afhes*.  •  Lighted  match  was  found  more  rliffi- 
"  cult  to  put  out  by  exhaufting  the  air  than  kindled 
CJ  charcoal,,  nevertheleis  in  about  feven  minutes  the 

*  Shawns  Boyle,  pdgc  419.  .    •     ' 

t  "  fire 


(     5*     j 

"  fire  was  extinguifhed,  beyond  the  poffibility  of  re- 
"  covery  by  re-admitting  frefli  air."    Here  we  fee  that 
air  is  nece'ffary  to  the  fubfiftance,  not  only  of  flame,  but 
of  fire  that  emits  no  flame  at  all.     To  thefe  we  may  add 
an  eafy  experiment,  which  any  perfon  may  try  at  his 
leifure,withoutthe  affiflance  of  a  pneumatic  engine,  viz. 
A  compofition  may  be  made  of  allum  and  flour,  which 
being  well  mixed  together,  reduced  to  a  cinder  in  a 
crucible,   pulverized,   and  otherwife  prepared   by  a 
fecond  heat,  in  a  phial  fecured  from  the  free  com- 
munication of  the  external  air,  acquires  an  igneous 
quality,  which,  if  the  phial  be  kept  flopped,  it  will 
retain  unimpaired,  even  for  many  years  ;  nor  will  it 
fhew  any  appearance  of  fire  more  than   any  other 
matter  confined  in  the  fame  manner  ;  but  if  at  any 
time  a  few  grains  of  it  be  let  out  upon  any  com- 
buftible  fubftance  in  the  open  air,  it  will  by  the  frefli 
air  be  inftantly  changed  into  fire,  and  kindle  the  fub- 
ftance upon  which  it  falls.     This  powder  is  com- 
monly called  the  black  phofphorus.     From  a  fmall 
quantity  of  it  the    experiment    may   be    repeated 
with  fuccefs  for  years  together,  provided  care  be  taken, 
whenever  the  phial  is  opened  to  let  out  any  of  the 
powder,  to  flop  it  again  immediately,  to  prevent  the 
too  free  accefs  of  the  external  Air.     Here  we  have  a 
fubftance  which  has  all  the  qualities  of  fire  inherent 
in  ir,  and  retains  them  for  a  long  time,  and  yet  can 
never  exhibit  them  but  upon  the  admiflion  of  frefli 
jiir.     But  to  return  to  Mr.  Boyle  t  In  page  603  he 
concludes  from  experiments,  which  he  had  been  mak- 
ing in  condenfed  Air,  that  "  the  confumption  of  mat- 
*•  ter  by  fire  is  greater  in  proportion  to  the  quantity 
*  o£Air  contained  in  the  (fame)  receiver  5  or  rather 
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"**■  in  a  ftill  greater  proportion,"  as  he  found  by  fame 
fubfequent  experiments.     Therefore,  as  the  confump- 
tion  of  matter  by  fire,  without  flame,  muft  be  pro- 
portional to  the  intenfity  of  the  heat  which  confumes 
it,  we  may  conclude  from  this  lafl:  obfervation,   that 
the  intenfity  of  the  heat  in  any  enkindled  fubftance, 
is  nearly  proportional  to  the  denfity  of  the  furrounding 
Air,  and  depends  in  a  great  meafure  upon  it.    In  page 
604  Mr.  Boyle  concludes  from  other  experiments,  that 
"  fire  is  more  eafily  kindled  in  Air  much  comprefied, 
"  than  in  common  Air.     Now  it  is  certain  that,   the 
more  intenfe  the  heat,  the  quicker  the  fame  combufti- 
bles  are  kindled  by  it  •,  thus  bodies,  expofed  to  the 
foci  of  different  burning-glafTes,  will  take  fire  fooner 
from  fome  than  from  others,  according  as  the  powers 
of  thofe  glafTes  to  condenfe  the  Sun's  rays  in  their  foci 
(ceteris  -paribus)  are  greater,  by  which  condenfation  the 
heat  is  proportionably  increafed  :  But  as  in  thcfe  ex- 
periments, made  in  condenfed  Air,  Mr.  Boyle- kindled 
his  fire  with  the  rays  of  the  Sun,  thus  collected  in  the 
focus  of  a  burning-glafs,  and  found,  as  above,  that  the 
fame  glafs  would  more  eafily  kindle   fubftances,   in 
comprefied  Air,  than  in  common  Air,  it  follows,  that, 
the  denfity  of  the  Sun's  rays  remaining  the  fame,  the 
heat  with  which  they  were  accompanied  was  increafed 
by  increafing  the  denfity  of  the  Air  ;  in  like  manner 
as  if  the  denfity  of  the  Air  had  remained  the  fame,  and 
the  denfity  of  the  rays  had  been  increafed,  by  ufing 
glafTes  of  ftronger  powers  :  To  which  may  be  added* 
that  Mr.  Boyle  always  found  it  extremely  difficult,  and, 
fometimes  impofiible  to  kindle  any  fubftance  whatever 
in  an  exhaufted  receiver,  either  by.  the  rays  of  theSun,, 
or  even  by  red-hot  iron  in  contact  with  gun-powder 
itfelf.    The  conclufion  is  obvious  to  every  capacity. 

Having 
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Having  thus  exhibited  to  the  reader  art  imperfefr 
fketch  of  the  principal  ufesto  which  our  Air  isfubfervi- 
ent ;  wherein  among  other  things,  we  have  feen  the  ne- 
ceffity  of  its  prefence  and  co-operation  in  the  product- 
ion of  heat  by  the  rays  of  the  Sun,  in  common  expe- 
riments :  We  fhall  now  in  further  profecution  of 
the  fubject,   proceed   to  prove   that  the  heat  of  the 
Sun,   as  enjoyed  by  the  inhabitants  of  the  Earth  in 
general,  depends,   not  only  upon  the  denfity  of  the 
Sun's  rays,  but,  equally,  upon  the  denfity  of  the  fur- 
rounding  atmofphere.     This  we  fhall  prove  from  the 
teftimonies  of  travellers  of  the  moft  undoubted  repu- 
tations who  croffed  the  feas,  and  undertook  the  moft 
dangerous   and  fatiguing  journies  which,    perhaps, 
have  ever  been  performed  by  man,  with  no  other  view 
than  to  promote  the  caufe  of  fcience  ;  particularly 
Don  George  Juan  and  Don  Antonio  de  Ulloa,  and  their 
attendants  who  were  fent  by  the  Courts  of  France  and 
Spain  to  South -America,  to  meafure  a  degree  of  the 
meridian  under  the  Equator  :  In  the   execution  of 
which  comrnifTion,    they  were  obliged  to  take  their 
itations,  and  make   their  obfervations  upon  fome  of 
the.  higheft  mountains  upon  the  Earth,  viz.  the  Andes 
in  the  neighbourhood  of  Quito,  under  the  Equinoctial. 

It  is  well  known  that  the  tops  of  high  mountains 
are  at  all  feafons  very  cold,  and  are,  for  the  moft  part, 
covered  with  fnaw  the  year  round.  But  thofe  above- 
mentioned,  exhibit  a  fcene  truly  curious  -,  for  from 
their  fummits  to  the  plains  below,  indufively,  may  be 
found  at  the  fame  time,all  the  varieties  of  heat  and  cold, 
which  are  to  be  met  with  in  every  climate  of  the  Earth, 
at  all  feafons  of  the  year.* 

*  See  Vlho'i  voyage  toSciutb'Aiiter'.ca,  Bo>k  VI.  Ch.  VII. 
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One  obfervation  made  by  DondeUHoa  upon  the 
fpot,  is  very  remarkable,  and  much  to  the  prefent  point : 
He  fays,  "  the  region  of  continual  congelation  began 
"  upon  the  feveral  mountains  at  the  fame  height 
*<  above  the  level  of  the  Sea,  as  determined  by  equal 
*c  heights  of  the  mercury  in  the  Barometer."  But  Sir 
Ifaac  Newton  afTerts,  and  deduces  the  certainty  of  it 
from  "  actual  experiments,"  that  "  as  to  our  own  air, 
"  the  denftty  of  it"  (i.  e.  at  any  height)  "  is  a9  the 
"  weight  of  the  whole  incumbent  air,  that  is,  (fays  he) 
"  as  the  height  of  the  mercury  in  the  barometer"  *  It 
therefore  follows,  that  the  region  of  "  continual  con- 
gelation," or  perpetual  froft  commenced  upon  all 
thofe  mountains,  where  the  air  was  of  the  fame  den- 
fity.  Above  that  certain  height,  the  denfity  of  the  air 
lefifen'd,  and  the  cold  increafed  accordingly  in  feverity, 
till  the  tops  of  the  mountains  prefented  ail  the  horrors 
of  winter,  which  are  to  be  found  in  the  polar  regions. 
Whereas  below  that  height,  as  the  denfity  of  the  air 
increafed,  from  the  increafe  of  the  incnmbent  preffure, 
the  heat  of  the  Sun  alfo  increafed  ;  till  the  inhabitants 
of  the  plains  below  fuffered  all  the  inconveniencies  of 
the  torrid  zone. 

Now,  the  denfity  of  the  Sun's  rays  being  the  fame 
in  the  feveral  cafes,  and  the  tops  of  the  mountains  be- 
ing above  the  common  region  of  the  clouds,  and  confe- 
quently  enjoying  the  prefence  of  the  Sun  much  more 
than  the  plains  below  ;  it  follows,  that  although  the 
rays  of  the  Sun  may  be  thtjine  qua  non,  without  which 
the  inhabitants  of  the  Earth  would  enjoy  no  heat  at 
all,  yet,  the  degree  or  quantum  of  their  heat  depends 
upon  the  denfity  and  co-operation  of  the  aerial  medium 
through  which  thofe  rays  are  tranfbitted  to  them. 

*  Sac  Princip.  Book  H,  Prop.  iCXii.  Schol.  A& 
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As  the  proportionality  of  the  Sun's  heat  to  the  den- 
fity  of  his  rays,  is  a  point,  upon  which,  as  proved  or 
difproved,  many  curious  queftions  in  natural  philofo- 
phy  may  turn,  every  argument  which  Tends  to  deter- 
mine that  point  will  [doubtlefs  be  acceptable  to  the 
reader  ;  and  if  he  mould  be   already  fatisfied  in  hig 
own  mind,  from  the  foregoing  obfervations,  that  the 
heat  of  the  Sun  is  not  asthe  denfity  of  his  rays  limply,  yet 
it  is  hoped  that  he  will  patiently  attend  to  one  argument 
more,  which  is  drawn  from  Sir  Ifaac  Newton's  own 
principles,  and  naturally  refults  from  his  computation 
of  the  amazing,  inconceivable  degree  of  heat,  which 
rnuft  have  been  acquired  by  the  Comet  of  1680,  at  its 
perihelion,  upon  that  fuppofition  ;  which,  though  it 
has  never  been  controverted,  but  generally  allowed  to 
be  juft,  and  quoted  accordingly,   muft,  if  true,  have 
occafioned  the  exhibition  of  fome  phenomena,  which 
could  not  have  efcaped  the  notice  of  the  many  curious 
aftronomers  of  that  day.     According  to  this  great  au- 
thor's calculation,  this  Comet,  by  its  near  approach  to 
the  Sun  at  its  perihelion,  "  acquired  a  degree  of  heat 
two  thoufand  times  greater  than  the  heat  of  red-hot 
iron*";  but  from  previous  experiments  he  concludes, 
that  the  heat  of  red-hot  iron  is  but  twelve  times  greater 
than  that  which  dry  earth  acquires  whenexpofed  to  the 
fummer's  Sun  :  With  what  an  amazing  luftre  then  muft 
the  Comet  haveglowed,merely  from  the  heat  it  acquired 
during  its  proximity  to  the  Sun  !  Therefore  at  its 
firft  appearance  after  the  perihelion, it  muft  have  fhone, 
not  with  a  borrowed  or  reflected  light,  as  it  did  before 
it  arrived  at  thatftage,  but  by  its  own  newly  acquired 
Juftre,  far  exceeding  (perhaps)  the  brighteft  Star  in 
the  Heavens  ;  for  if  iron  heated  but  twelve  times  more 

*  Princip.  Book  III.  under  Prop.  XLI. 
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than  dry  earth  expofed  to  a  fummer's  Sun,  becomes 
red-hot,  and  from  that  heat  emits  a  fplendor,  indepen- 
dent of  the  Sun's  rays,  we  may  defy  the  human  ima- 
gination to  conceive  of  that  fplendor,  when  yet  in- 
creafed  two  thoufand  fold,  and  exhibited  by  a  globe  of 
equal  dimenfions  with  the  Earth.     Furthermore,  Sir 
Jfaac  computes  that  a  globe  of  red-hot  iron  equal  to 
the  Earth,  or  the  Comet,  fuppofed  of  equal  bignefs, 
would  fcareely  cool  in  fifty  thoufand  years  \  therefore 
the  Comet,  being  two  thoufand  times  hotter,  if  it  were 
a  globe  of  iron,  would  require  50000  multiplied  by 
2000,  or  one  hundred  millions  of  years  to  cool  in.     But 
if  we  fuppofe  the  Comet  to  cool  a  hundred  times  fafter 
than  an  iron  globe  of  the  fame  magnitude,  equally 
heated   ;   it    could  not    lofe   all   its    heat   under  a 
million  years  *  ;  nay,  at  the  end  of  five  hundred  thoufand 
years  it  would  ftill  be  a   thoufand  times  hotter,  and 
confequentiy  brighter  than  red-hot  iron.     But  as  the 
period  of  this  Comet  is  fuppofed   to  be  fhort  of  fix 
hundred  years,  [feveral  appearances  of  Comets  in  paffc 
ages  being  fuppofed  to  be  different .  vifits  from  the 
fame  Comet,  after  intervals  of  five  hundred  and  feventy 
five  years  •,]  if  at  every  perihelion  it  acquired  a  degree 
of  heat  which  it  could  not  lofe  under  a  million  years, 
and  had  fhort  oifix  hundred  years  to  discharge  itfelf  of 
the  heat  acquired  at  each  revolution,  how  aftonifhing 
upon  thefe  principles  muft  be  the  accumulations   of 
its  heat  during   r-hofe  feveral  revolutions  !  k>  great ! 

*  This  is  the  duration  of  heat  generally  afiigned  to  this  Comet,  after  it*  perihe- 
lion. But  why  a  globe  of  earth  /hould  cool  an  hundred  times  fafter  than! 
globe  of  iron,  as  here  fuppofed,  no  where  appears,  nor  fhould  the  fuppofnion 
be  admitted,  unlefs  we  fuppofe  at  the  fame  time,  that  a  globe  of  iron  is  one 
-hundred  times  denfer  than  a  planetary  globe  j  if  then.. 

that 
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that  one  would  imagine,  that  for  ages  after  its  peri^ 
helion  it  would  be  vifible  merely  from  its  own  luftre  ; 
and  that  when,  from  its  diftance,  its  diameter  would 
become  infenfible,  it  would  ftill  be  feen  as  a  lucid 
point,  twinkling  among  the  Stars  :  Yet  fo  far  was  this 
from  being  the  cafe,  that  in  three  months  from  its  pe- 
rihelion,viz.  from  8th  December  to  9th  March  it  totally 
difappeared,  though  the  Earth  was  in  a  fituation  to 
view  it  for  a  coniiderabletime  after  :  Sir  Ifaac  Newton 
fays  tc  on  the  ninth  and  tenth  of  February  to  the  naked 
"  eye  the  head  appeared  no  more." 

This  Cornet,  at  leaft  its  tail,  was  difcovered  by  Mr, 
Flamftead  two  days  after  its  perihelion,  viz.  on  the 
10th  December ;  from  which  time  till  its  total  disappear- 
ance, it  was  cortftantly  obferved  by  aftronomers  ;  but 
none  of  their  obfervations  take  notice  of  any  extraor-r 
dinary  brightnefs  it  exhibited,  more  than  is  ufual  in 
the  appearance  of  other  Comets.  Sir  Ifaac  indeed 
obferves,  that  "  in  the  month  of  December^  juft  after 
"  it  had  been  heated  by  the  Sun,  it  did  emit  a  much 
«'  longer  tail,  and  more  fpkndid  than  in  the  month  of 
"  November  before,  when  it  had  not  yet  arrived  at  its 
"  perihelion."  But  this  he  afferts  of  the  tail  only, 
for  foon  after  he  adds,  M  the  head  of  this  Comet  at 
tl  equal  diftances  from  the  Sun  and  from  the  Earth, 
*'  appeared  darker  after  its  perihelion  than  it  did  be- 
««  fore"  :  It  is  true  he  accounts  for  it  by  fuppofing 
the  "  nucleus  to  be  environed  by  a  denfer  and  blacker 
*'  fmoak  than  before."  But  this  is  difficult  to  recon- 
cile with  what  he  fays  a  page  or  two  back,  when 
fpeaking  of  the  fame  Comet,  viz.  **  by  fo  fierce  a 
"  heatj   vapors  and  exhalations,  and  every  volatile 

"  matter 
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**  matter  mull  have  been  immediately  confumed  and 
'*  diftipated*".  May  we  not  add,  and  the  whole 
folid  mafs  calcined  or  vitrified  ?  Therefore,  if  that 
dulnefs  in  its  appearance,  .after  the  perihelion,  was 
owing  to  clouds  and  vapours,  it  is  evident,  from  that 
great  author's  own  reafoning,  that  the  Comet  could 
not  have  beenexpofed  to  fo  great  an  intenfity  of  heat^ 
in  that  vicinity  to  the  Sun  ;  fince  all  fuch  heterogeneous 
exhalations  muft  have  been  confumed  and  diffipated 
thereby,  as  faft  as  they  arofe  from  the  head ;  if  indeed 
any  volatile  or  evaporable  matter,  or  any  degree  of 
moifture  whatever  could  have  remained  in  the  head 
after  fuch  an  inconceivable  ignition.  Finally,  had 
the  Comet  ever  acquired  fo  great  an  intenfity  of  heat* 
it  is  probable  the  inhabitants  of  the  Earth  would  never 
have  loft  fight  of  it  to  the  end  of  time  ;  much  lefs 
would  it  have  totally  difappeared  in  three  months 
after  its^ perihelion,  f 

**  If  at  the  perihelion  diftance  of  this  Comet  from  the  Sun,  viz.  about  i6o,coo 
miles,  or  r-6th  of  the  Sun's  diameter  above 'his  furface  (according  to  Sir  I. 
Newton),  the  Sun's  heat  is  fo  fierce,  as  that  "  all  kinds  of  vapours  and  ex- 
"  halations  muft  be  immediately  confumed  and  diffipated  thereby",  how  is  it 
pofiible  forthofe  clouds,  (for  fuch  they  undoubtedly  are,  fee  page  i8)  which 
appear,  more  or  Jefs,  every  day,  like  fpots  upon  the  Sun's  difk,  and  float  in  his 
atmofphere,  at  the  height  of  but  *j  or  8000  miles  above  his  furface  ,(fee  note  * 
page  zq)  to  remain  ur.dlffipated  for  above  twenty  days  together,  as  fome  of 
them  moft  certainly  do  (fee  page  14)  ?  Or  rather,  does  not  the  continuance  or 
thofe  clouds,  for  fo  long  a  time,  amount  to  a  demorvfhation,  upon  Sir  IJaac'i 
own  principles,  that  no  fuch  heat  exifts,  even  within  thedenfer  regions  of  the 

Sun's  atmofphere. 

) 
f  If  the  fixed  Stars  be  fuppofed  equal  in  magnitude  to  the  Sun,  and  the  Comet 
above-mentioned,  equal  to  the  Earth  ;  the  period  of  the  Cnmet  to  be  575 
years,  and  its  body  be  fuppofed  fufficiently  luminous  to  render  it  vifible  in  all 
parts  of  its  orbit  ;  it  appears  from  Mr.  Bradley's  determination  of  the  paral- 
lax of  the  fixed  Stars,  after  a  long  -feries  of  obferyations  (fee  Smiths  Opticks, 
Vol.  II.  page  449  and  onwards),  that  the  apparent  diameter  of  the  nucleus  of 
this  Comet,  muft  be  much  greater  than  that  of  the  Stars  of  the  firft  magnitude; 
even  when  moft  remote  from  the  Sun  and  from  the  Earth,. 

K  Sir 
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Sir  /.  Newton,  in  making  his  computation  of  the 
heat  fuftained  by  this  Comet,  firft  took  it  for  granted, 
"  that  the  heat  of  the  Sun  is  as  the  denfity  of  his  rays,'* 
(as  we  have  feen  before) :  In  the  next  place,  he  con- 
fident the  denfity  of  thefe  rays  with  us,  at  the  mean 
diflance  of  the  Earth  from  the  Sun,  as  a  fixed  and 
certain  itandard,  with  which  the  denfity  of  the  rays  at 
every  other  diftance  might  be  compared  :  Then,  after 
expofing  dry  earth  to  the  fummer  Sun,  he  compared 
the  heat  contracted  thereby,  with  that  of  boiling  water 
and  red-hot  iron,  and  found  by  experiments  the  pro- 
portional degrees  of  heat  in  them  to  be  nearly  as  i,  3, 
and  i£  refpectively  :  In  the  laft  place  he  confidered 
the  heat  acquired  by  the  dry  earth  aforefaid,  as  the 
ftandard  of  our  fummer  heat,  and  annexed  it  to  the 
mean  denfity  of  the  Sun's  rays  with  us  :  And  upon  this 
foundation  he-feems  to  have  conftrufled  his  general 
fcale  of  heat  for  the  folar  fyftem.  But  it  is  prefumed 
that  the  reader  is  by  this  time  fatisfied,  that  the  main 
propofition  upon  which  that  great  author's  reafoning 
was  founded  muft  fail  for  want  of  fupport,  however 
juft  his  conclufions  drawn  from  it  may  be  :  For  we 
now  find  regions  of  eternal  froft  under  the  equinoctial 
itfelf,  the  rigors  of  which  are  fcarcely  exceeded  in  the 
polar  regions  •,  and  this,  at  the  height  of  but  two  or 
three  perpendicular  miles  above  the  common  furface 
of  the  Earth,  and  where  but  few  clouds  interpofe  to 
hide  the  beams  of  the  Sun.  If  therefore  we  fuppofe 
ourfelves  carried  up  forty  or  fifty  miles  higher,  or 
to  the  very  top  of  the  atmofphere,  we  may  well  fhud- 
der  at  the  idea  of  fuch  a  fituation,  even  if  expofed  to 
the  unclouded  rays  of  a  perpendicular  Suni 

We 
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We  are  now  naturally  led  to  confider  fome  exten- 
five  purpofes  which  the  great  Author  of  Nature  pro- 
bably had  in  view,  when  he  formed  the  atmofpheres 
of,  and  annexed  them  to,  the  feveral  Planets  and 
Comets  of  our  Syftem.  We  have  feen  from  indifpu- 
table  authority,  that  the  denfity  of  the  Sun's  rays  alone 
does  not  produce  a  competency  of  heat,  for  the  com- 
fortable fubfiftance  of  the  inhabitants  of  the  Earth, 
eyen  in  its  hotteft  climates,  but,  that  a  certain  denfity 
of  air  is  equally  necefTary,  for  thefe  rays  to  operate 
upon,  and  to  co-operate  with  them,  in  promoting  the 
various  purpofes  of  life  and  vegetation.  This  air  we 
are  abundantly  furnifhed  with  from  the  atmofphere 
which  furrounds  us,  the  denfity  of  which  at  every 
height,  is  proportional  to  the  prefFure  of  the  incum- 
bent fluid.  We  may  conclude  from  analogy  that  the 
atmofpheres  of  the  other  Planets,  and  of  the  Cornets, 
aredefigned  for,  and  adapted  to  the  fame  purpofes  for 
which  the  atmofphere  of  the  Earth  was  originally  pro- 
vided :  And  if  we  fuppofe  the  general  ftock  of  heat, 
which  falls  to  the  fhare  of  any  Planet,  to  be  in  a  ratio- 
compounded  of  the  denfity  of  the  Sun's  rays  and  the 
denfity  of  the  air  upon  the  furface  of  the  Planet,  it  is 
eafy  to  conceive,  that  thefe  globes  may  be  feverally 
furnifhed  withfuch  atmofpheres,  as  may  render  them 
comfortable  habitations,  whatever  their  diftances  from 
the  Sun  may  be.  That  the  heat  of  the  Sun  is  actually 
thus  difpenfed  to  the  Planets  neceffarily  follows  from 
the  experiments  and  obfervitions  contained  in  the 
foregoing  pages,  upon  the  fuppofuion  that  they  are 
furrounded  with  aerial  atmofpheres,  fuited  to  their  fe- 
veral diftances  from  the  Sun  •,  that  they  have  fuch  at- 
mofpheres is  already  proved,   and  the  Creator,   has, 

doubtlefs 
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doubtlefs  wifely  proportioned  their  refpective  quanti- 
ties and  denfities  according  to  thofe  diftances. 

The  tails  of  Comets  are  nothing  more  than  expan- 
fions  of  their  atmofpheres,  whofe  lengths  depend  upon 
their  nearnefs  to  the  Sun  (as  before  obferved)  and  de- 
creafeas  they  recede  from  the  Sun,  becoming  invisible 
to  us  (generally)  before  their  /ta&difappear  :  There- 
fore we  have  the  highefl  reafon  to  jonclude  that  when 
thefe  globes  are  in  the  moft  remote  parts  of  their  or- 
bits, or  at  their  aphelia,  their  tails  wholly  fubfide,  and 
their  atmofpheres  refumefphericai  forms,  like  thofe  of 
the  Earth  and  of  the  other  Planets,  furrounding  their 
nuclei  at  equal  altitudes  in  every  part  5  the  Sun's  at- 
mofphere  being  too  remote  to  have  any  fenfible  effect 
upon  them  by  its  repellency.  The  air  muft  of  con- 
fequence  be.  prodigioufly  denfe  near  the  furfacesof 
their  globes,  being  compreffed  by  the  weight  of  fuch  a 
vaft  incumbent  fluid  ;  whereby  the  Sun's  rays,  though 
weaker,  or  lefs  denfe  than  with  us  in  the  ratio  of  the 
fquares  of  the  diftances,  may,  upon  our  principles, 
be  rendered  as  active  with  them,  and  as  productive  of 
fuch  degrees  of  heat  as  are  neceffary  for  the  purpofes 
of  animal  and  vegetable  life,  as  with  us,  or  any  other 
Planet  of  the  Syftem. 

But,  (as  was  obferved  by  Doctor  Williamfon,) 
fhould  thefe  atmofpheres  continue  of  the  fame  denfity* 
through  all  parts  of  their  orbits,  the  degrees  of  heat 
\vhich  their  inhabitants  muft  undergo  at  their  peri- 
helia would  be  unfufferable  :  To  prevent  which,  the 
great  Author  of  Nature  has  made  fufftcient  provifion  ; 
for  as  they  approach  theSun,they  are  by  the  repulfion  of 
his  atmofphere  (or  fome  other  caufe  equivalent  to  fuch 
fuppofed  repu!fion)gradually  eafed  ofthatincumbrar.ee, 

the 
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Che  cometic  atmofphere  being  gradually  rarefied  and 
driven  behind  its  body  through   vaft  fpaces  of  the 
Heavens  •,  what  remains  from  time   to  time  being 
more  and   more  rarefied  by  the  increafms  action  of 
die  Son's  rays  upon  it,  and  repelled  as  rarefied  ;  till 
at  length,  if  they  come  near  enough  to  the  Sun,  the 
inhabitants  may  have  little  more  than  pure  sether  to 
breathe  in.     Thus  the  Comet  of  1769,    (than  which 
but  few  have  gone  nearer  tonne  Sun)  before  it  ar- 
rived at  its  perihelion,  although  it  projected  a  moft 
aftonifhing  tail,  yet  the   remaining   atmofphere  was 
denfe  enough  to  hide  the  nucleus  it  furrounded  j  the 
Comet,  when  viewed  through  the  beft  telefcopes,  pre- 
fenting  only  a  dubioufly  defined  luminous  appearance: 
But  when  it  made  its  re-appearance  in  the  evening 
about  the  latter  end  of  Ottober^  its  atmofphere  had 
undergone  fo  great  a  degree  of  rarefaction  in  pafiing 
its  perihelion,  that  it   was  iufficientJy  pellucid  to  dil- 
cover  the  nucleus,  which  appeared   plainly  and  dis- 
tinctly through  it. 

May  we  not  then  conclude,  even  with  certain ty„ 
that  as  a  Comet  is  perpetually  varying  its  diilance 
from  the  Sun,  fo  the  denfity  of  its  atmofphere  is  con- 
tinually changing  through  the  various  ftages  of  its 
revolution  •,  and  thence,  that  its  inhabitants  may  at 
all  times  enjoy  as  much  benefit,  and  receive  as  little 
injury,  from  the  Sun's  rays,  as  the  inhabitants  of  any 
other  Planet  in  the  folar  Syftem  ? 

As  the  primary  Planets  revolve  in  orbits  nearly  cir- 
cular, they  have  no  occafion  for  fuch  vaft  atmofpheres 
as  are  neceffary  for  the  Comets  in  the  remote  regions 
of  the   Heavens  to  which  they  retire  ;  but  are  fur- 
rounded 
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rounded  with  fuch,  as  infinite  wifdom  faw  beft  fuited 

to  their  feveral  diftances  from  the  Sun  ;  fuch  as  might 

have  no  redundancies  to  be  thrown  off  in  tails  at  one 

time  more  than  another  •,  the  nearly  equal  diftances 

of  each  from  the  Sun,  in  the  feveral  parts  of  its  orbit, 

requiring  nearly  an  equal  denfity  of  atmofphere  at  all 

times. 

From  the  premifes  we  may  conclude,  that  the  at- 
mofpheres  of  the  inferior  Planets  are  fmaller,  and 
thofe  of  the  fuperior  ones  larger  mfome  proportion,  than 
that  of  the  Earth,  in  order  that  their  denfities  near 
their  refpecYive  fuperficies,  may  be  fo  proportioned  to 
their  feveral  diftances  from  the  Sun,  as  that  they  may 
equally  (hare  the  benefit  of  his  rays.  For  want  of 
proper  aftronomical  obfervations,  to  determine  this 
point  with  regard  to  the  other  Planets,  we  can  pro- 
nounce with  certainty  only  concerning  Mars  :  As  that 
Planet  is  further  diftant  from  the  Sun  than  the  Earth, 
his  atmofphere,  for  the  reafons  above  affigned,  ought 
to  be  larger  than  our  own  ;  accordingly  it.  appears 
(from  the  obfervations  referred  to  in  Part  I.  Note  * 
Page  12)  that  the  height  of  his  atmofphere  above  his 
furfaceis  at  lead  equal  to  two  thirds  of  his  diameter ; 
which  is  much  greater  than  that  of  the  Earth,  though 
it  falls  vaftly  fhort  of  thofe  of  the  Comets.  Obferva- 
tions of  future  occultations  of  fixed  Stars  by  Jupiter, 
Saturn  and  the'  other  Planets,  made  with  better  inftru- 
ments,  may  poffibly  determine  this  point  with  regard 
to  them  alfo. 

Several  objections  may  be  rai  ft  d  again  ft  the  prin- 
ciples advanced  in  this  Effay,  to  all  which  we  hope  to 
-give  fatisfa&ory  anfwers.       As 

1.  It 
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i.  It  may  be  obje&ed,  that,  as  the  light  of  the  Sun 
is  confeffedly  proportional  to  the  denfity  of  his  rays, 
that  is  inverfely  as  the  fquares  of  the  diftances  from 
the  Sun,  the  inconveniencies  arifing  therefrom  to  the 
inhabitants  of  the  Comets,  at  their  perihelia  and  aphelia, 
might  be  nearly  as  great  as  thofe  which  would  arife 
from  the  Sun's  beat  were  it  diftributed  in  the  fame  pro- 
portion ;  or  at  lead,  if  it  did  not  render  the  Comets 
uninhabitable,  would  make  the  conditions  of  their  in- 
habitants, at  times  very  Uncomfortable.  For  example, 
were  the  light  of  the  Sun  adapted  to  their  various  pur- 
pofes,  at  their  mean  diftances,  at  their  aphelia,  they 
might  not  enjoy  a  fufficiency  •>  and  on  the  contrary 
at  their  perihelia,  the  fplendor  would  be  unfufferable, 

This  objection,  it  is  prefumed  will  vanifh  upon  a 
careful  attention  to  the  ftructure  of  the  eyes  of  terreftriai 
animals,  whofe  pupils  contract  or  dilate  involuntarily, 
accordingas  thedenfity  of  the  rays  whichpafs  thro'  them 
and  fall  upon  their  retinas  is  greater  or  lefs,  whereby 
more  or  fewer  of  thofe  rays  are  admitted,  as  may  be  re- 
quifite  for  diftinct,  inoffenfive  vifion  :  Thus  mod  per- 
fons  can  fee  to  read  by  candle  light  near  as  well  as  by 
day  light,  whereas  the  quantities  of  light  reflected 
from  objects  in  the  two  cafes  fcarely  bear  any  pro- 
portion one  to  the  other.  But  the  aperture  of  the  pu- 
pil is  much  greater  in  the  former  than  in  the  latter, 
and  more  rays  in  proportion  are  confequently  admitted. 
Moreover,  there  are  fome  animals  with  us  which  re- 
tire to  their  holes  and  caves  at  the  approach  of  day, 
whofe  purpofes  are  as  well  anfwered  by  the  glimmer- 
ing 
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ing  light  of  the  Stars,  as  thofe  of  others  are  by  the 
pretence  of  the  Sun  •,  there  are  yet  others  which  can 
behold  the  Sun  in  his  meridian  fplendor,  without  of- 
fence. Now  if  we  only  fuppofe  that  the  inhabitants 
of  Comets  in  general  have,  in  the  original  formation 
of  their  optic  organs,  the  power  of  contracting  and 
dilating  their  pupils,  according  to  the  ftrength  or 
weaknefs  of  the  light  which  is  tranfmitted  through 
them,  we  may  eafily  conceive,  that  the  rays  of  the 
Sun  might  be  no  more  offenfive  to  them  at  one  time 
than  at  another  ;  for  at  their  aphelia  their  pupils  might 
be  dilated  to  their  utmoft  extent  ;  on  the  other  hand, 
at  their  perihelia,  they  might  be  contracted  to  phyficai 
points,  if  the  fplendor  ofthe^un  fo  required,  whereby 
a  proportionally  fmaller  quantity  would  be  admitted. 

The  light  of  the  Sun  which  the  Cometarians  enjoy  at 
their  aphelia  is  indeed  much  greater  than  we  mould  be 
apt  to  imagine  •,  for  let  us  confider  the  Comet  of  1 680, 
whofe  period  is  the  longed  and  its  aphelion  diftance 
the  greater!:  of  any  one  known,  being  (according  to 
Dr.  Bailey)  to  the  mean  diftance  of  the  Earth  from 
the  Sun  nearly  as  138  to  1  •,  but  from  the  reafoning 
of  Doctor  Smith,  in  his  optics  it  appears,  that  the  pro- 
portion of  our  day  light  to  moon  light  with  a  full 
moon,  is  nearly  as  90  000  to  1  •*  and  the  light  of  the 
Sun  upon  the  Comet  at' its  Jail  mentioned  ftage  is  to 
his  light  with  us  but  as  about  1  to  19000,  therefore 
if  we  divide  90  000  by  1 9  000  we  fhall  find  that  Moon- 
light with  us  is  to  Sun -light  upon  the  Comet,  nearly 
as  1  to  4|,  and  confequently  that  the  light  of  the  Sun 

*  Smith's  Opticks,  Vol.1.  Page  2.9. 
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enjoyed  by  the  inhabitants  of  that  Comet  at  its  aphe- 
lion is  nearly  five  times  as  great  as  the  light  of  our  full 
Moon.  But  it  is  ftill  much  greater  upon  account,  cf 
the  largenefs  and  denfity  of  the  atmofphere  ;  for  ic 
is  certain,  that  our  day  light,  which  is  equally  diffu- 
fed  upon  all  terreftrial  objects,  and  renders  them  vi- 
fible  ;  depends  upon  the  reflection  of  the  Sun's 
rays,  from  the  atmofphere,  together  with  the  hete- 
rogeneous corpufcles  floating  in  it  ;  without  which  all 
fuch  objects  would  be  as  obfeure  as  at  midnight,  even 
with  the  Sun  mining  in  full  fplendor  above  the  hori- 
zon ;  excepting  thofe  upon  which  the  direct  rays  of 
the  Sun  might  fall,  or  fuch  as  might  be  faintly  illu- 
minated by  the  reflection  of  thofe  rays  from  neigh- 
bouring objects  :  The  Heavens  would  appear  perfectly 
black,  and  the  fmalleft  Stars  would  appear,  at  noon- 
day, which  is  prevented,  only,  by  the  illumination  of 
the  atmofphere.  The  beautiful  azure,  which  we  ob- 
ferve  in  the  Sky,  after  the  atmofphere  is  purged  of  its 
vapors,  by  a  ftorm  or  thunder-guft,  arifes  from  the 
appearance  of  this  black  Sky,  through  the  air,  which 
is  now  become  more  tranfparent,  than  when  charged 
with  a  heterogeneous  collection  of  opaque  corpufcles. 

The  armofpheres  of  Comets,  being  much  larger  and 
tienfer  than  that  of  the  Earth,  reflect  a  much  greater 
proportion  of  the  Sun's  rays-,  their  hemifpheres  next 
the  Sun  muft  therefore  be  more  illuminated,  and  their 
day  light  increafed,  in  the  fame  proportion  ;  although 
the  light  ari  fin g  from  the  direct  rays  of  the  Sun  would 
be  confiderably  weakened  thereby. 

h  ;  This 
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This  reafoning  may  be  illuftrated  by  calling  to 
mind  the  effects  of  two  great  eclipies  of  the  Sun,  one 
of  which  happened  on  the  5th  or  6th  day  of  Auguft, 
1766  ;  the  other  on  the  19th  day  of  January,  1.768  ; 
which  effects,  mod  perfons  among  us,  whofe  attention 
was  turned  that  way,  may  recollect  ;  during  the  for- 
mer the  air  was  very  clear,  and  the  fky'cloathed  in  a 
fine  blue,  excepting,  here  and  there,  where  a  few  fu ai- 
mer clouds  were  fcattered :  In  the  midft  of  this  eclipfe 
the  air  was  darkened  to  fuch  a  degree,  that,  although 
the  Sun  (hone  unclouded,  a  fickly  gloom  feemed  to 
fpread  over  the  face  of  nature.  In  the  latter,  (though 
a  much  greater  eclipfe)  the  air  was  full  of  vapors,  the 
reflection  of  the  Sun's  rays  from  whicli  was  fo  copious, 
as  to  render  it  ofFenfive  to  the  eyes  to  look  at  the 
Heavens,  before  the  eclipfe  began, and  in  the  middle  of 
it,  the  darknefs  occafioned  thereby  would  fcarcely 
have  been  noticed,  had  not  the  eclipfe  been  known 
beforehand. 

The  inhabitants  of  Comets  enj©y  another  advan- 
tage from  their  great  atmofpheres,  which  is  peculiar 
to  them  alone  ;  for,  in  the  hemifphere  turned  from 
the  Sun,  they  can  have  no  dark  nights  like  thofe  of 
the  Planets  ;  but,  in  confequence  of  the  reflection  of 
the  Sun's  rays  from  thofe  atmofpheres,  muft  be  fa- 
voured with  perpetual  twilight  if  not  day  light  •,  for  a 
cometic  atmofphere  is  enlightened  by  the  Sun  by  night 
as  well  as  by  day,  excepting  only  a  column,  which  is 
nearly  cylindrical  at  the  aphelion,  whofe  bafe  is  a  great 
circle  of  the  Comet,  and  whofe  altitude  is  equal  to  the 
height  of  the  atmofphere  5  which,  (confidering  the 

great 
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great  extent  of  the  latter,)  bears  but  a  fmall  propor- 
tion to  the  whole  atmofpheric  hemiiphere  •,  this  column 
includes  that  part  of  the  atmofphere  which  is  eclipfed 
by  the  fhadow  of  the  globe  itfelf,  and,  if  the  diameter 
of  the  atmofphere  is  equal  to  ten  diameters  of  the 
globe*,  does  hot  contain  eVth  part  of  the  whole  vjfi- 
fible  hemifphere  ;  and  is  ftill  lefs  upon  account  of  the 
refraction  of  the  Sun's  rays,  which  fhortens  and  con- 
tracts the  cone  of  the  fhadow.  Whence  it  is  probable 
that  the  darkeft  nights  of  the  Cometarians,  at  their 
aphelia,  are  much  lighter  than  our  brighten:  moon- 
light nights.  But  this  is  fubmitted  to  the  judgment 
of  the  reader. 

•2.  It  may  further  be  objected  •,  that  if  the  atmof- 
pheres  of  Comets  undergo  fuch  amazing  rarefactions 
and  condenfarions,  as  they  neceffarily  mud,  from  the 
alternate  projections  and  retractions  of  their  tails,  it 
is  difficult  to  conceive  that  they  can  at  all  times  be  fie 
for  the  reipiration  of  their  fuppofed  inhabitants.    ' 

This  objection  might,  perhaps,  have  remained  un- 
anfwerable,  had  it  not  been  for  the  genius  of  that  truly 
great  philofopher  Doctor  Edmund  Halley  -,  who,  if  he 
was  not  the  original  inventor  of  the  diving-belly  yet, 
by  a  fagacity  peculiar  to  himfelf,  improved  it  to  a  de- 
gree of  perfection,  which  might,  before,  have  rather 
been  wifhed  for,  than  expected.-f  In  this  bell  perfons 
may  be  let  down  with  fafety  to  the  bottom  of,the  fea  5 
but  the  included  air  differs  in  denfity  at  every  depth 
below  the  furface  of  the  water.     At  the  depth  of 

*  See  Page  14. 

■f  See  Jones'*  Abridgment  of  Philos.  Trans.  Vol.  IV.  Pa$;e  1S8,  and  onward. 
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thirty-two  or  thirty-three  feet,  as  the  air  may  occa- 
fionally  change,  or  lefs,  in  proportion  as  fait  water  is 
heavier  than  frefh,  the  denfity  of  the  air  within  the 
bell  is  double  the  deufity  of  the  external  air  ;  at  double 
that  depth  the  denfity  is  triple  -,  at  three  times, -four- 
fold, and  fo  on.  Now  if  the  bell  be  let  down  without 
proper  precaution,  the  too  ludden  condenfation  of  the 
air  within,  would  give  the  adventui  rrs  extreme  pain, 
as  they  fometimes  found  by  experience  -,  and  mould 
the  bell  fink  fuddenly  to  the  bottom  of  the  fea,  the 
confequence  might  be  fatal  to  them  ♦,  for  the  lame 
reafon  that  a  fqu are  cafe-bottle,  filled  only  with  com- 
mon air  above  the  furface"  of  the  water,  and  corked 
tight,  if  it  were  let  down  with  the  divers  in  the  bell* 
would  from  the  increafing  preffure  of  the  condenfing 
air  without  it,  be  crufhed  inwards,  and  broken  in 
pieces,  in  the  fame  manner  as  if  the  air  in  the  bottle 
had  been  exhaufted  by  an  Air-Pump  above  the  fur- 
face  of  the  water  5  which  effect  would  be  prevented 
by  the  fmalleft  hole  in  the  cork,  provided  the  bell 
were  let  down  leilurely,  fo  that  the  air  as  it  condenfed 
without,  might  gradually  infinuate  itfelf  through  the 
hole  into  the  bottle  :  On  the  contrary  were  the  bottle 
corked  at  the  bottom  of  the  feas  and  the  bell  drawn 
up  from  the  depth  of  nine  or  ten  fathoms  -,  before  the 
bell  could  arrive  at  the  furface  of  the  water,  the  bot- 
tle would  burft  outwards,  from  the  expanfive  force  of 
the  condenfed  air  within  it  ;  which  might  alio  be 
prevented  by  a  fimilar  precaution.  And  it  is  doubt- 
lefs  from  the  latter  caufe  that  fome  perfons  who  have 
afcended  to  the  tops  of  high  mountains,  have  been 
feized  with  Teachings*  vomitings  and  other  inconve- 
niences 
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niences  related  by  travellers  ;  the  external  air  of  the 
atmofphere  at  finch  heights  being  too  rare  to  counter- 
act by  its  preiTure,  the  expanlive  force  of  the  denfer 
air  which  is  interfperfed  throughout  the  various  veffels 
and  organs  of  animal  bodies. 

But  Doctor  Hdley  teftifies  from  his  own  experience, 
that  "  if  the  diving-bell  be  let  down  (or  drawn  up) 
4<  gradually,  about  twelve  feet  at  a  time  with  an  in- 
"  terval  of  but  a  few  minutes  between,  no  inconve- 
'*  nience  would  follow*' ;  as  the  feveral  organs  of  the 
body  would  by  degrees  be  inured  to  the  denfky  of  the 
air,  as  it  increafed  or  decreafed  at  the  feveral  depths. 
The  Doctor  tells  us,  that  he  himfelf  was  hours  toge- 
ther at  the  bottom  of  the  fea  in  nine  or  ten  fathoms 
of  water  ;  and  felt  himfelf  as  well  as  if  he  had  been 
all  the  time  on  board  the  (hip  :  But  thedenfity  or  the 
air  he  then  breathed,  muff,  have  been  more  than  three 
times  as  great  as  that  of  the  air  above  the  furfaoe  of 
the  water  :  In  other  words,  he  then  breathed  in  air, 
comprefled  by  the  weight  of  between  three  and  four 
of  our  atmofpheres  infteadof  one, and  often  or  a  dozen 
fuch  as  Don  de  Ulloa  breathed  in,  when  upon  the  tops 
of  the  mountains  of  Quito,  without  any-inconVenience. 
Therefore,  if  time  fafficient  be  allowed  for  the  air,  in- 
cluded in  the  feveral  veffels  of  the  human  body,  gra« 
dually  to  contract,  expand  or  otherwife  accommodate 
itfelf,  to  the  increafing  or  decreasing  denfity  of  the 
exterior  air  ;  no  bad  confequences  or  even  inconve- 
niencies  arc  to  be  apprehended,  although  the  difference 
of  denfity  be  exceeding  great. 

But  by  the  gradual  and  regular  approachofanyComet 
to,  or  recefs  from  its  perihelion,  (at  and  near  which  its 

velocity 
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velocity  is  greateft  and  the  confequent  changes  in  its 
atmofphere  are  mod  fudden  of  all)  the  increafe  or 
decreafe  of  its  atmofphere,  is  much  more  regular, 
uniform,  and  infenfible  to  its  inhabitants,  than  any 
increafe  or  decreafe  of  the  denfity  of  the  air  can  be  in 
the  diving-bell  by  Doctor  Halley's  method  ;  for  by 
the  latter,  a  degree  of  rarefaction,  or  condenfation,  is 
effected  in  a  few  minutes,  which  might  not  take  place 
in  the  cometary  atmofpheres  under  fome  days. 

Perhaps  enough  has  been  already  faid  to  remove 
every  material  objection  •,  but  if  any  difficulties  yet 
remain,  in  the  mind  of  the  reader,  on  account  of  the 
vaft  changes  which  the  feyeral  climates  in  each,  and 
the  atmofpheres  of  all  Comets  mud  neceflarily  under- 
go, in  the  various  parts  of  their  orbits  •,  the  following 
additional  obfervations  are  fubmitted  to  his  eonfide- 
ration  ;  which  may  tend  to  leffen  thofe  difficulties,  if 
they  do  not  wholly  remove  them,  viz. 

As  a  Comet  approaches  its  perihelion,  that  hemif- 
phere  of  its  atmofphere  which  is  next  to  the  Sun,  be- 
ing more  immediately  expofed  to  his  rays,  will  feel  the 
effects  of  his  neighbourhood  fooner  than  the  oppofite 
hemifphere,  and  confequently  will  be  warmed,  rarefied, 
and  thrown  off  behind  theComet  by  therepulfion  ofthe 
Sun's  atmofphere,  fooner  than  the  other  ^  the  colder  and 
denfer  parts  ofthe  fluid  will  of  courfe  continually  flow 
in  from  the  other  fide  of  the  Comet  to  fupply  its  place, 
in  order  to  preferve,  as  near  as  may  be,  an  equilibrium  j 
in  confequence  of  which  there  will  be  a  conftant  fuc- 
cefiion  of  the  cooler  air  from  thence  -,  whereby  the 
inhabitants  on  the  hemifphere  next  the  Sun  may  be 

continually 
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continually   refrefhed    with   gales   of  wind   during 
that  vicinity,  which  would  increafe  till  the!  Comet 
arrived  at  its  perihelion,  when  their  velocity  would  be 
greateft  of  all  ;  but  even  then  they  would  not  (from 
this  caufe)  blow  in   fudden  violent   gufts  like  our 
hurricanes,  but  fleadily,  unlefs  difturbed  by  caufes 
from    within    the    Comet's    atmofphere  •,    befides, 
as  the  velocity   of  the   current  increafed,  the  den- 
sity of  the  fluid  would   lefTen   from  the  increafing 
rarefaction,  whereby  its  momentum  might  continue 
nearly  the  fame  ;  for  this  momentum  would  be  in  a 
ratio  compounded  of  the  velocity  of  the  fluid  and  its 
denfity  together  •,  and  as  the   violence  of  our  high 
winds,  and  their  confequent  effects  depend,  not  upon 
the  velocity,  merely,  but  upon  the  momentum  of  the 
current,  this  brifk  circulation  of  the  cometic  air  may, 
(however  great  we  fuppofe  its  velocity)  be  rather  grate- 
ful than  injurious  to  the  Gometarians  :  And  how  unfit 
foever  the  air  in  fuch    a  rarefied  Hate  might  be  for 
their  ufe,  if  ftagnant,  yet,  when  thus  put  in  motion,  it 
may  be  rendered  fufficiently  active  to  anfwer  all  the 
purpofes  of  refpiration.     This  reafoning  is  confirmed 
by  daily    experience  :  For  it  is  not  an  uncommon 
thing   for  people    of   tender   frames   to  faint   in   a 
clofe  hot  and  rarefied  air ;  and  as  the  fan  is  generally 
near  at  hand,  it  is  as  common  for  the  by-ftanders  to 
apply   it   to  their  faces,    whtch,   by   giving  a  brifk 
motion    to   the   air,    without   any   alteration    of  its 
denfity,    generally    revives   them,   in   a  fhort   time, 
even    when    no   other   remedy   is   at   hand. —  This 
brifk  motion  of  the  air  would  alfo  remove  or  pre- 
vent the  difagreeable  fenfations  of  heat  which  the 

cometary 
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cometary  inhabitants  might  otherwife  fufifer  from  an 
expofureto  the  Sun's  rays  at  their  perihelia  :  For,  if  a 
perfon  fit  with  his  face  uncovered  before  the  fcorching 
blaze  of  a  common  fire,  the  motion  of  the  air  excited 
by  a  common  fan,  even  without  hiding  the  blaze  from 
the  face,  is  fufficient,  not  only  to  make  the  fituation 
comfortable,  but  to  change  the  painful  fenfation  to  an 
agreeable  cool nefs  :-  As  any  one  will  find  upon  trial. 

If  we  fuppofe  that  every  Comet  has  a  diurnal  ro- 
tation   round   an   axis    of  its  own,   the  inhabitants 
may  enjoy  grateful  viciffitudes,  from  the  alternate  ab~ 
fence  and  prefence  of  the   Sun  ;  and  if  we  further 
fuppofe  this  diurnal  motion  to  be  performed  contrary 
to  its  apparent  heliocentric  motion  ;  the  returns  of  day 
and  ni^ht  would  be  quickened  as  it  approached   the 
Sun,   from  the  increafe  of  its  angular  velocity  round 
that  globe,  whereby  the  prefence  of  the  Sun,  in  that 
neighbourhood,  would  be  of  fhorter  duration,  upon 
any  one  part  of  the  Comet,  and  his  heat  might  be 
rendered  ftill   lefs  irkfome   to   the  inhabitants,    on 
that  account.     It  is  true,  no  difcovery  has  been  made 
of  any  fuch  diurnal  motion,   but  as  all   the  primary 
Planets,  fo  far  as  our  obfervations  can  reach,  are  dis- 
covered to  have  fuch  motions,  we  may  well  be  allowed 
to  fuppofe  that  the  Comets  are  not  without  them  ;  efpe- 
cially  now  we  are  endeavouring  to  prgve  their  habi- 
tability,  to  which  this  motion  is  perhaps  as  neceiTary 
as  to  the  habitability  of  the  primary  Planets.     Thefe 
rotations  have  been  already  difcovered  and  determined 
in  Venus,  the  Earth,  Mars  and  Jupiter.    Saturn,  though 
a  van:  globe  in  itfelf,  is  fo  remote,  and  Mercury  is  fo 
near  the  Sun,  and  fo  very  fmall,  that  this  motion  has 

never 
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*ver  been  difcovered  in  either,   by  our  beft  inftru- 
s,  but  is  juftly  inferred  by  analogy  ;  which  me- 
of  reafoning  will  equally  extend  to  the  Comets 
ie  Syftem.     The  diurnal  motions  of  the  Planets 
ed  are  performed  nearly  in   the  fame  directions 
with  their  annual,  both  motions  in  all,  as  far  as  they 
have  been  difcovered,  being  direct,  or  from  Weft  to 
Eaft,  whereas  the  diurnal  motions  of  Comets,  accord- 
ing to  the  foregoing  fupppfition,  are  performed  con- 
trary to  this  rule  :  But  this   is  no  objection  againft 
the  hypothefis  ;  for   Planets   and  Comets  differ   as 
widely,  in  almoft  every  other  particular ;  the  annual 
motions  of  the  former  (as  now  obferved,)  are  all  direct, 
and  are  apparently  confined  within  the  limits  of  the 
zodiac,  the  latter  move  indifferently  in  all  directions 
through  the  Heavens  ;  the  periodical  revolutions  of 
the  former  are  made  in  orbits  nearly  circular,  thofe  of 
the  latter  are  prodigioufly  excentric,  and  nearly  para- 
bolical ;  all  which  feem  wifely  to  be  ordered,  that  a 
multitude  of  Worlds  may  exift  at  the  fame  time,  and 
be  enlightened,  warmed,  and  rendered  prolific,  by  the 
rays  of  the  fame  Sun,  without  interfering  in  their  mo- 
tions, or  difturbing  the  harmony  of  the  Syftem. 

To  illuftrate  the  reafoning  in  pages  78,  79,  Fig.  5 
is  added  ;  in  which  let  S  reprefent  the  Sun  •,  to  which 
Comets  in  general,  though  perhaps  equal  in  magni- 
tude to  our  Earth,  are,  without  a  figure^  but  as  drops 
of  the  bucket.*     Let  C  reprefent  a  Comet  with  its  at- 

*  In  the  figure  the  fpeck  at  X  and  the  dots  round  it,  upon  the  furface  of  the 
Sun  S,  will  give  a  pretty  juft  idea  of  the  comparative  magnitudes  of  the  Sun 
and  Comet,  and  of  their  atmofpheres  ;  the  dots  at  X  reprefenting  the  Comet's 
atmofphere,  AAA,  Sec,  the  atmofpheie  of  the  Sun. 
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mofphere  and  tail,  the  dark  curve  line  ckdgh  on  fSf 
fide,  and  ciaefon  the  other,  may  ferve  to  givr" 
idea  of  the  motion  of  a  parcel  of  the  cometary' 
from  its  more  condenfed  ft  ate  behind  the  Comet  -c 
through  its  various  ftages  of  rarefaction  and  repulfiori  j 
as  that  part  of  the  atmofphere  next  the  Sun,  viz.  that 
in  or  near  the  line  S  b  which  connects  the  centers 
of  the  Sun  and  the  Comet,  is  rarefied,  the  denfer 
air  from  behind  at  c  muft  neceflarily  flow  in  to  pre- 
ferve  as  near  as  poflible  an  equilibrium,  and  continue 
fo  to  do  as  long  as  the  rarefaction  continues  to  increafe. 
The  air  next  the  Sun  being  thus  rarefied,  that  at  c 
would  take  a  turn  round  the  nucleus  through  k  and  7, 
but  before  thefe  feperate  parcels  came  to  d  or  a  the 
rarefaction  would  fo  increafe,  that  they  would  begin 
to  afcend,  and  as  they  afcended,  at  a  and  d  they  would 
repel  each  other  -,  they  would  ftill  keep  rifing  by  their 
increafing  rarefaction,  through  S  b  as  through  a  fun-* 
nel,  and  increafe  in  their  mutual  repellency  as  they  re- 
ceded from  the  center  of  the  Comet,  till  at  length  at 
I  and  m  the  repellency  of  the  Sun's  atmoiphere  would 
compel  them  to  retire  through  g  h  or  ef  whence  they 
would  proceed  to  the  extremity  of  the  tail, the  remain- 
ing parcels  of  air  in  the  fame  cometic  hemifphere  would 
take  a  fimilar  courfe  (as  reprefented  by  the  faint  flrokes 
in  the  figure)  whether  their  difiances  from  the  Comet's 
furface  were  greater  or  lefs,  till  at  length  the  rarefaction 
of  the  Comet's  atmofphere  would  become  as  great,  as 
the  repulfive  power  of  the  Sun's  atmofphere  Could 
effect,  or  the  Comet's  vicinity  to  the  Sun,  require.— 
We  fhall  offer  one  obfervation  more,  for  the  confide- 
ration  of  the  reader  before  we  clofe  the  fubject,  viz. 
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WHENtheairofouratmofphereappearsby  thether- 

■ometer  to  be  extremely  cold, it  does  notaffecl:  the  fenfes 

tfagreeably,  if  the  atmofphere  be  in  a  calm  ftagnant 

z,  as  at  other  times,  when  the  mercury  is  ten  or  even 

nty  degrees  higher,  (and  confequently  the  weather 

war-merj  with  a  brifk  wind,  as  has  been  frequently 

orjTerved  by  thofe  who  attend  to  their  thermometers. 

Now  when  a  Comet  is  at  its  greateft  diftance  from  the 

Sun,  its  atmofphere,  being  uniformly  condenfed  round 

its  globe,  might  fettle  into  a  dead  calm,  for  any  diftur- 

bances  it  could  receive  from  without  :  For  whatever 

influences  baneful  or  falutary,  the  heavenly  bodies  may 

reciprocally  communicate  while  in  the  neighbourhood 

of  each  other,  the  Comets  in  their  apheiia,  are  removed 

to  fuch  inconceivable  distances  from    all  the  other 

globes  of  the  Syftem,  that  their  mutual  effects,  phy- 

(ically  confidered   muft  vanifli.     And  in  fo  calm  an 

atmofphere,  of  fo  great  a  denfity,  illuminated  by  the 

Sun's  rays,  the  inhabitants  of  the  Comets  may,  even 

wnen  mod  remote  from  the  Sun,  be  as  warm,  or  at 

lean:  as  comfortable   as  the  inhabitants  of  the  Earth, 

or  of  any  other  Planet. 

This  fubject  cannot  be  better  clofed  than  in  the 
words  of  Doctor  William/on,  viz.* 

46  One  of  the  primary  ideas  we  form  of  the 
"  fupreme  Being  is,  that  he  is  the  fource  of  life,  intelli- 
"  gence  and  happintfs,  and  delights  to  communicate 
"  them  ;  the  Earth  we  tread,  the  water  we  drink,  and 
"  the  very  air  in  which  we  breathe,  fwarm  with  living 

*  See  Tranfactions  of  the  American  Philofophkal  Society  of  Philadelphia. 

Appendix  page  30. 
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«  creatures,  all  fitted  to  their  feveral  habitations.- 
*e  Are  we  to  fuppofe  that  this  little  globe  is  the  o 
**  animated  part  of  the  creation,  while  the  Co 
"  many  of  which  are  larger  worlds,  and  run  a 
*'  courfe,  are  an  idle  chaos,  formed  for  the  fole 

**  pofe  of  being  frozen  and  burnt  in  turns  ? 

"  cannot  admit  the  thought ;  the  Comets  are  doubt- 
"  lefs  inhabited." 
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P   E 

^ofe  all  the  folid  globes  of  the  folar  Syftem 
ihilated,  their  atmofpheres  'remaining  ; 

er  of  gravity,  which  had  theretofore  con- 
cr  ~m  round  their  refpective  orbs,  ceafing,  they 

would  immediately  expand  themfelves  quaquaverfum> 
in  confequence  of  the  mutual  repellency  of  their  par- 
ticles, till  the  whole  fpace  in  which  the  bodies  of  the 
Syftem  had  revolved,  was  equally  filled  with  the  fluid, 
and  when  its  denfity  became  equal  in  every  part,  the 
whole  would  be  at  reft. 

So,  vice  verfa,  if  we  fuppofe  fuch  a  fluid,  to  have 
been  the  firft  material  fubftance  in  the  order  of  crea- 
tion, equally  diffufed,  in  that  rarefied  ftate,  through- 
out the  mundane  fpace  j  next  after  it,  the  feveraj 
maffcs  of  the  Sun,  Planets  and  Comets,  nearly  about 
the  fame  time  with  each  other  :  This  fluid,  though  its 
particles  are  in  a  ftate  of  mutual  repulfion,  yet  as  they 
are  in  the  common  ftate  of  gravitation  to  the  other 
bodies  of  the  Syftem,  would  be  attracted  by  the  feve- 
ral  globes,  every  particle  moving  towards  that  globe, 
which  fhould  have  the  balance  of  attraction  inits  favour. 

Mercury's  atmofphere,  by  reafon  of  its  neighbour- 
hood to  the  Sun,  and  the  fmallnefs  of  his  globe  would 
be  lead  of  all  and  very  inconfiderable  :  For  fnppofe 
a  right  line  A  B.     g  A     ? | 

drawn  from  the  center  of  the  Sun  to  the  center  of 
Mercury,  to  be  fo  divided  in  D,  that  the  part  next 
the  Sun  may  be  to  the  part  next  Mercury  in  the  fub- 
duplicate  ratio  of  the  quantity    of  matter  in   the 

Sun 
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Sun  to  the   quantity   of  matter  in  Mer 
particle  between  D  and  B   would   defcer 
be  condenfed   round   the  Sun,    and   the 
tween  D   and  A  to  Mercury  -,    an 
computation  that  DB  :  DA  :  :  3693  -'  l\ 
all  oblique  directions  the  particles, whefe  gk. 
the  Sun  and  Mercury  were  proportionably  grater  or 
fmaller,  would  defcend  to,  and  condenfe  round  one  or 
the  other  •,  unlefs  drawn  afide  by  fome  other  Planet : 
What  is  here  faid  of  Mercury,  is  equally  applicable  to 
the  other  Planets  ;  and  as  the  attraction  or  the  Sun  is 
vaflly  greater  than  the  united   attractions  of  all  the 
Planets  together  ;  fo,   in  every   part  of  the  Syftem, 
where  the  attractive  power  of  the  Sun  might  be  greater 
than  that  of  any  neighbouring  Planet  ;  the  fluid   oc- 
cupying that  part  of  the  fpace,  would  defcend  andjoin 
the  Sun's  atmofphere  •,  while  the  reft  would  be  con- 
tinually condenfing  round  the  Planets,   till  at   length 
the  feveral  globes  would  be  accommodated  with  their 
proper  atmofpheres,  when  the  Heavens  would  be  left 
a  perfect  vacuum  for  the  various  bodies  to  revolve  in, 
without  the  lead  refiftance. 

If  the  Comets  be  fuppofed  to  have  been  created  ar.d 
projected  in  their  feveral  orbits,ar.  their  aphelia,  or  at 
their  greateft  diftances  from  the  Sun,  it  may  be  eafy 
upon  this  hypothefis  to  account  for  their  having  at- 
mofpheres fo  much  exceeding  thofe  of  the  Planets  in 
their  di mentions,  for  providence  has  fo  ordered  it,  that 
the  angles  of  the  inclinations  of  their  orbits  to  the 
eclyptic  and  to  each  other  are  generally  very  great, 
and  their  motions  are  directed  to  all  parts  of  the 
Heavens  indifcriminately,  whereby  their  diftances 
from  the  Planets  and  from  each  other  at  their  aphelia, 

are 
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iyond  human  conception  ;  confequently 
liberty  to  ftiareamongflthemfelves,  with- 
?ftation  from  the  Planets,  all  that  part  of 
ch  filled  the  vaft  fpaces  of  the  Syftem, 
inetary  regions  ;  therefore  if  the  hypo- 
ed, they  muft  neceffarily  have  fuch  at- 
i  ,  in  fail,  we  find  they  have,  and  which, 

in  their  defcent  through  the  planetary  fpheres,  are,  by 
the  (fuppofbd)  repulfion  of  the  Sun's  atmofphere, 
driven  to  fuch  aftonifhing  diftances  behind  them,  as 
occafion  may  require.  Thofe  whofe  aphelion  dif- 
tances  were  greatefl,  being  more  folitary,  would  con- 
denfe  round  them  the  greatefl:  atmofpheres,  and  fuch, 
their  greater  diftances  from  the  Sun  would  require, 
upon  the  foregoing  principles,  to  make  them  comfor- 
table habitations.  As  the  lengths  of  their  tails  would 
probably,  at  equal  diftances  from  the  Sun,  be  propor- 
tional to  the  quantities  of  this  repellent  matter  contain- 
ed in  their  atmofpheres  refpeclively,  it  may  not  be 
impoffible  to  form  a  rational  conjecture  of  their  real 
aphelion  diftances,  by  obferving  the  apparent  lengths 
of  their  tails,  when  at  equal  diftances  from  the  Sun,  in 
their  defcent,  and  thence  computing  their  real  lengths, 
and  comparing  thofe  whofe  aphelion  diftances  are 
unknown  with  thofe  which  are  already  determined  j 
and  as  nearly  as  we  can  by  this  method  come  at  their 
greateft  diftances  from  the  Sun,  fo  nearly  may  we 
(by  comparing  their  computed  trajedories,  with  thofe 
diftances,)  determine  their  mean  diftances  and  periodic 
revolutions.  But  this  is  humbly  fubmitted  to  better 
judges,  and  is  defigned  only  as  ahint  for  future  inquiries. 

FINIS. 


